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1.0  INTRODUCTION 


1.1  Purpose 

\The  purpose  of  this  report  is  to  describe  the  economic  and  financing 
feasibility  assessment  carried  out  for  a  Coal  Gasification/Fuel 
Cell/Cogeneration  (GFC)  Project  for  4  specific  sites:  Scranton  Army 
Ammunition  Plant  in  Pennsylvania,  Ft.  Greely  Army  Base  in  Alaska,  Ft. 
Hood  Army  Base  in  Texas,  and  Georgetown  University  in  Washington,  D.C. 

Since  their  respective  subjects  are  closely  related  and  essential  to  the 
conclusions  drawn  for  each  site,  the  deliverables,  CLIN  0004  (economics) 
and  CLIN  0005  (financing)  are  combined  into  this  one  report. 

The  assessment  presented  in  this  document  is  part  of  an  overall 
technical,  economic,  and  financing  feasibility  study  of  power  generation 
by  a  fuel  cell  using  synthetic  gas  produced  from  coal.  The  concept 
involves  selling  the  electric  power  and  thermal  output  from  the  GFC  plant 
to  the  site  facility  under  a  price  structure  that  would  produce 
significant  energy-related  cost  savings  for  the  site  for  the  20  years, 
1990-2009 .. 

Although,  the  government  would  partly  fund  this  program,  it  is  intended 
that  the  private  sector  will  provide  increasingly  substantial  capital 
investment  and  construct,  own  and  operate  a  more  efficient  central  coal 
energy  facility.  The  feasibility  study  is  the  first  stage  of  a  program 
that  links  four  key  objectives  to  achieve  commercialization  of  GFC 
technology  to  more  broadly  benefit  the  Army: 

1.  A  technology  development  cost  objective  that  would  reduce  the 
prototype  plant  capital  costs  by  1/2  for  second  stage  projects 
(early  90' s)  and  by  2/3  for  commercial  stage  projects  (mid 
1990 's  on). 
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2.  A  private  ownership/financing  objective  that  has  private  capital  ' 

immediately  involved  in  sharing  the  costs  of  the  prototype  \ 

plans,  and  solely  involved  when  the  technology  is  developed  to  J 

the  fully  commercial  stage.  I.e.,  the  initial  investment  by  the  s 
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Department  of  Army  would  stimulate  the  inflow  of  private  capital 
that  would  with  commercialization  of  this  technology,  reduce  or 
eliminate  DOA  capital  expenditures. 

3.  Energy  costs  that  would  be  equal  to  or  less  than  the  current 
energy  costs  of  the  Department  of  the  Army. 

4.  Accelerated  commercialization  of  an  environmentally  sound  and 
efficient  coal  driven  cogeneration  technology. 

Under  this  program,  the  government  would  fund  the  R&D-related  capital 
costs  of  this  emerging  technology.  This  funding  would  cover  70  to  80%  of 
prototype  plant  costs  in  the  first  stage  and  50%  of  plant  costs  in  the 
second  stage.  In  the  last  stage,  all  funding  would  be  from  private 
sources. 


The  private  GFC  plant  owner  would  share  the  savings  resulting  from  the 
GFC  plant  energy  output  (compared  to  purchasing  power  from  the  utility 
and  separating  steam  and  hot  water  with  existing  boilers)  and  would  be 
able  to  utilize  the  tax  benefits  (e.g.,  depreciation)  available  to  any 
invester  in  industrial  equipment. 


The  site-specific  economic  feasibility  results,  the  ownership/financing 
analysis,  and  the  conclusions  and  recommendations  of  the  study  are 
presented  in  the  four  sections  of  this  report  as  follows: 


o  Section  1.0  outlines  the  methodology  of  this  report  as  well  as 
the  supporting  work  that  precedes  it.  It  also  identifies  the 

risks  that  are  inherent  in  the  economic  analysis  and  the  energy 
price  scenarios  used  to  determine  ranges  for  sensitivity 
analysis.  Finally,  the  conclusions  of  this  analysis  are 
summarized  for  each  site. 
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o  Section  2.0  presents  the  economic  feasibility  results  for  each 
site,  and  are  organized  into  the  following  subsections: 

Costs  benefits  for  the  site 

Basic  economics  of  the  GFC  plant 

Identification  of  incremental  site  requirements  and  capital 

costs 

Site  conclusions 

o  Section  3.0  presents  the  ownership/financing  analysis  (CLIN 
0005)  for  the  two  sites  found  to  be  viable  (Scranton  AAP  and 
Fort  Greely)  and  has  the  following  subsections: 

Potential  financing  alternatives 

Interested  parties  and  likely  site-specific  arrangements 

Ownership/financial  results 

o  Section  4.0  presents  the  overall  conclusions  of  the  feasibility 
study  and  recommendations  for  further  action  (or  not)  for  each 
site. 


Methodoloc 


It  is  the  intent  of  this  study  to  present  results  based  on  representative 
conditions  rather  than  on  technical  designs,  economics,  and  financing 
structures  that  are  fully  optimized.  The  key  question  is  whether  the 
concept  could  provide  benefits  to  enough  (not  necessarily  all)  Army  bases 
to  warrant  further  R&D  expenditures  on  preliminary  system  design  and 
testing  of  selected  coals  and  equipment.  A  subsequent  decision  would  be 
made  after  the  design  jnd  testing  stage  on  whether  to  proceed  into  final 
design  and  to  organize  the  private  ownership  and  financing  component  of 
the  concept.  Figure  1-1  shows  the  development  stages  that  would 
constitute  such  a  program. 
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Three  steps  in  the  feasibility  work  preceded  this  report. 


1.  Development  of  a  basic  system  description  of  the  GFC  plant,  to 

be  used  as  a  point  of  departure  for  the  feasibility 

configurations  for  each  site.  (CLIN  0001  report) 

2.  A  preliminary  survey  for  each  of  the  four  sites,  documenting 

site-specific  information  to  be  addressed  by  the  feasibility 
design  and  economic  evaluation.  (CLIN  0002  reports) 

3.  Development  of  GFC  plant  designs  for  each  site  (CLIN  0003 

reports)  to  verify  technical  feasibility  and  to  quantify  GFC 
plant  electric  and  thermal  energy  production  for  use  in  the 
economic  analysis.  Site  specific  incremental  plant  requirements 
are  determined  to  provide  a  complete  energy  plant  defined  by 

site  needs. 

The  analysis  of  basic  economics  was  carried  out  in  the  followng  major 
steps: 

a.  Estimate  capital  costs  for  the  GFC  plant  design  developed  for 
each  site,  including  separate  costs  for  the  site  specific 
increments. 

b.  Develop  typical  operating  and  maintenance  (O&M)  costs  for  the 
GFC  plant. 

c.  Document  current  site  energy  use  and  costs. 

d.  Project  site  energy  use  and  costs  under  a  range  of  potential 
energy  price  scenarios. 

e.  Assess  GFC  plant  economics  for  each  scenario. 

For  those  sites  with  strong  enough  economics,  analysis  of  a  potential 
ownership/financing  structure  was  then  carried  out. 


8030A 


5 


.■.LV.HkS&SL 


LtlJ-L* 


fi 


,N 


« 


1.4  Bases  and  Risks 


A  number  of  economic  assumptions  and  GFC  plant  risk  factors  are  common 
for  all  sites  and  are  discussed  below. 

Major  factors  in  the  analysis  of  existing  site  future  energy  costs  are  as 
follows: 


1.  Fuel  cost.  Since  the  early  1970s,  fossil  fuel  prices  have 
varied  unpredictably,  with  several  sharp  increases  during  this 
period,  followed  by  relatively  flat  trends,  (see  Figure  1-2)  or 
even  a  decrease  in  prices. 

2.  Electric  power  costs.  While  somewhat  more  predictable  than 
fossil  fuel  prices,  electric  power  prices  have  also  shown  sharp 
changes  over  the  past  15  years  as  a  result  of  impacts  from 
fossil  fuel  prices  as  well  as  sharp  increases  in  rates  when  new, 
and  often  costly,  utility  power  plants  were  incorporated  into 
utility  rates.  (See  Figure  1-2) 

3.  Army  base  replacement  costs.  On-site  boilers,  steam/hot  water 
distribution  systems,  and  electric  power  distribution  lines  must 
periodically  be  replaced  or  upgraded  by  the  Army  base. 

4.  O&M  costs.  The  on-site  boilers,  distribution  systems,  and  other 
energy-related  equipment  must  be  operated  and  maintained,  with 
an  attendant  labor  and  material  cost. 

GFC  plant  risks  fall  into  two  areas:  technical  and  economic.  Technical 
risks  that  directly  affect  the  economic  analysis  are: 

o  System  efficiency.  GFC  designs  for  the  four  sites  had  system 
efficiencies  ranging  from  19.0%  to  38.9%.* 


♦System  efficiency  is  defined  as  the  Btu  value  of  the  electric  power, 
thermal,  and  other  revenue-producing  outputs  divided  by  the  Btu  value 
of  coal  delivered  to  the  plant  (minus  any  coal  fines  or  coal  residuals 
resold). 
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o  System  capacity  factor.  The  plant  caoacity  factor  is  estimated 
at  81*  for  all  GFC's  but  the  GFC  using  the  Westinghouse  fuel 
cell  at  the  Scranton,  PA.  site.  Because  of  its  use  of 
anthracite  coal,  equipment  to  separate  tars  and  oils  from  the 
raw  gas  was  eliminated,  raising  this  factor  to  82%.  See  the 
CLIN  000303  report,  para.  2.4  for  details. 

o  GFC  plant  lifetime.  A  minimum  20-year  useful  technical  lifetime 
and  a  10-year  economic  lifetime  were  assumed  with  a  complete 
fuel  cell  reload  every  5  years,  starting  in  the  6th  year  of 
plant  life. 

The  economic  risks  of  the  GFC  plant  relate  to  final  plant  capital  costs, 
thermal  user  guarantees,  O&M  costs,  electric  power  prices,  and  fossil 
fuel  prices,  as  follows: 

o  Final  capital  costs.  The  final  GFC  plant  capital  costs  will  be 
affected  by  final  design  and  near-term  inflation  rates. 
However,  the  risk  from  higher  capital  costs  is  lower  than  energy 
price  risks  because  capital  costs  become  fixed  by  1990,  whereas 
the  other  risks  continue  throughout  the  lifetime  of  the  plant. 
Moreover,  the  impact  of  higher  capital  costs  is  distributed  over 
a  number  of  years  through  depreciation  and  through  the  private 
debt  financing  structure. 

o  Thermal  user  guarantees.  For  some  cogeneration  plants,  the 
potential  loss  of  the  thermal  demand  (and  attendant  revenues) 
represents  a  significant  risk.  In  this  case,  since  the  U.S. 
Government  would  be  guaranteeing  the  steam  purchase  under  long 
term  contract  (for  a  guarantee  of  maximum  steam  price),  the  risk 
is  more  limited.  However,  this  risk  is  partially  mitigated 
bythe  ability  of  the  thermal  Management  System  to  redirect 
unused  thermal  energy  to  the  production  of  electric  power. 

o  Plant  O&M  costs  for  GFC  facility.  Plant  O&M  costs  present  two 
economic  risks:  the  absolute  amount  of  O&M  costs  as  initially 
established,  and  the  long-term  escalation  of  these  costs.  The 
variation  in  the  absolute  amount  of  O&M  costs  initially 
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established  is  not  considered  to  be  a  great  risk.  For  the  plant 
design  used  (based  on  the  11  megawatt  UTC  fuel  cell  module),  a 
representative  set  of  O&M  costs  were  estimated,  and  deliberately 
made  the  same  for  all  sites.  Given  the  feasibility  study 
accuracy  range,  regional  labor  costs  and  other  variations  in  O&M 
fall  within  the  accuracy  provided  in  those  estimates.  The  O&M 
costs  as  estimated  for  the  first  year  of  operation  (1990) 
approximate  $2.5  million  (exclusive  of  any  insurance,  taxes,  and 
other  annual  costs).  A  breakdown  of  the  O&M  costs  into  major 
components  is  shown  in  Table  1-1. 

Electric  power  and  fossil  fuel  prices.  Energy  prices  and  O&M 
costs  present  significant  risks  throughout  the  life  of  the 
project.  Given  the  uncertainty  in  energy  prices  and  inflation 
(which  are  linked),  the  economic  analyses  were  based  on  the 
following  three  scenarios  which  were  structured  to  bracket  a 
reasonable  range  of  future  energy  prices  and  inflation  in  terms 
of  near-term  (1985-1990)  and  long-term  (1990-2009)  average 
compound  growth  rates  (Refer  also  to  Table  1-2): 

SCENARIO  1  —  Fossil  Fuel  Prices  Remain  Flat  in  Near-Term, 


Increase  at  Inflation  Rate  in  Long-Term.  The  specific 
assumptions  used  for  this  scenario  are  a  0*  escalation  rate  for 
1985-1990  (less  than  the  inflation  rate)  and  a  5%  escalation 
rate  (equal  to  assumed  inflation)  for  1990-2009.  Electric 
power,  and  O&M  costs  were  assumed  to  escalate  at  inflation  (5%) 
in  the  near-term  and  long-term.  GFC  electric  and  steam  prices 
were  assumed  to  escalate  at  5%  in  the  long-term. 


While  fossil  fuel  prices  have  actually  decreased  in  the  last  1-2 
years,  for  the  25  year  time  horizon,  the  projected  energy  costs 
under  this  scenario  would  likely  be  lower  than  actual.  In  any 
event,  this  scenario  is  representative  of  low  fossil  fuel 
escalation  rate  conditions. 
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SCENARIO  2  —  Fossil  Energy  Prices  Remain  Flat  in  Near-Term, 
Escalate  Significantly  in  Long-Term.  The  assumptions  for  this 
scenario  were  0*  escalation  for  fossil  fuel  prices  for 
1985-1990,  and  10%  for  1990-2009.  Electric  power  costs  were 
assumed  to  increase  at  5%  near-term  and  10%  long-term.  GFC 
electric  and  steam  prices  were  assumed  to  escalate  at  10%  in  the 
long-term.  0&M  costs  and  inflation  were  assumed  to  escalate  at 
5%  near-term  and  8%  long-term.  (The  inflation  rate  is  affected 
by  any  long-term  energy  escalation  rates,  and  therefore  was 
assumed  higher  to  be  consistent  with  the  overall  scenario.) 

This  scenario  is  representative  of  a  situation  where  energy 
prices  remain  flat  under  stable  energy  conditions  in  the  near 
term,  but  reflect  some  unforeseen  geopolitical  event  or  economic 
conditions  that  produce  a  sustained  high  growth  rate,  starting 
in  the  early  1990s.  While  many  analysts  include  such  a  scenario 
in  their  business  and  contingency  planning,  and  this  scenario 
could  be  judged  to  be  a  "middle",  this  scenario  should  just  be 
considered  representative  of  one  set  of  possible  conditions. 

SCENARIO  3  —  Fossil  Fuels  Increase  at  Inflation  Rate  in 
Near-Term,  Escalate  Signifiantly  in  Long-Term.  The  specific 
assumptions  under  this  scenario  were  a  5%  excalation  rate  for 
fossil  energy  prices,  electric  power,  0&M,  and  inflation  for 
1985-1990.  For  the  term  1990-2009,  a  10%  escalation  rate  was 
assumed  for  fossil  energy  prices,  purchsed  electric  power,  and 
GFC  plant  electric  power  and  steam  prices,  with  an  8%  escalation 
assumption  for  O&M  costs  and  inflation. 

The  combined  25  year  growth  of  energy  prices  under  this  scenario 
is  significant.  For  the  25-year  period,  the  projected  energy 
costs  likely  are  higher  than  would  actually  occur. 

Exhibit  3  presents  a  summary  of  the  key  assumptions  in  the  three 
scenarios  used  in  the  economic  feasibility  analysis. 


1.5 


Conclusions 


Based  on  analyses  of  the  specific  energy  characteristics  for  each  site 
and  the  three  economic  scenarios,  the  following  conclusions  were  reached 
for  each  site: 

1.  The  Scranton  AAP  site  was  found  to  be  viable,  and  showed  a 
number  of  improvement  opportunities  that  should  be  addressed  in 
preliminary  design  and  further  economic  analysis  to  improve  the 
economics  even  further. 

2.  THE  FORT  GREELY  site  was  found  to  be  viable,  presenting  not  only 

strong  cost  savings  but  also  providing  an  additional  electric 

power  capacity  required  by  the  electric  utility  system  in  that 
area. 

3.  THE  fort  HOOD  site  was  found  not  to  be  viable  for  any  reasonable 
level  of  Army  base  energy  cost  savings,  mainly  due  to  the 
relatively  low  expected  cost  of  future  electric  power  in  that 
area. 

A.  THE  GEORGETOWN  UNIVERSITY  site  was  found  not  to  be  viable,  due 

to  projected  electric  power  prices  insufficient  to  provide 

suitable  GFC  plant  operating  margins,  and  special  site 

constraints  requiring  significant  increases  in  the  plant  capital 
costs. 


TABLE  1-1 


ESTIMATED  O&M  COSTS  ($  Million) 


1985 

1990 

1995 

Item 

Dollars 

Dollars* 

Dollars* 

Labor  and  Fringes 

1.0 

Contract  Maintenance 

0.2 

Supplies  and  Parts 

0.5 

Site  Utilities,  Ash/Sludge 

0.3 

Disoosal  and  Miscellaneous 

— 

— 

— 

Subtotal 

2.0 

2.6 

3.3 

Annual  Fuel  Cell  Reload  Costs** 

0.6** 

Insurance  and  Taxes 

0.2 

.2 

.3 

TOTAL 


2.2 


2.8 


4.2 


TABLE  1-2 


ENERGY  PRICE  SCENARIOS 


Scenario 

1* 

Scenario  2** 

Scenario  3*** 

1985- 

1990- 

1985-  1990- 

1985-  1990- 

Has 

Impact  on 

1990 

2009 

1990 

2009 

1990 

2009 

GFC 

Escal 

Escal 

Escal 

Escal 

Escal 

Escal 

Site 

Plant 

Rate 

Rate 

Rate 

Rate 

Rate 

Rate 

Fuel  Oil 
Price 

X 

0 

5 

0 

10 

5 

10 

Natural  Gas 
Price 

X 

0 

5 

0 

10 

5 

10 

Coal 

Price 

X 

X 

0 

5 

0 

10 

5 

10 

Purchased 
Electric 
Power  from 
Utility 

X 

5 

5 

5 

10 

5 

10 

O&M 

Cost 

X 

X 

5 

5 

5 

8 

5 

8 

Inflation 

Rate 

X 

X 

5 

5 

5 

8 

5 

8 

GFC  Plant 
Electric 
Power  Cost 

X 

X 

NA 

5 

NA 

10 

NA 

10 

GFC  Plant 
Steam  Cost 

X 

X 

NA 

5 

NA 

10 

NA 

10 

Scenario  Definitions: 

*  Scenario  1  -  Flat  near-term  fossil  fuel  prices.  Inflation  rate 
increases  in  long-term. 

**  Scenario  2  -  Flat  near-term  fossil  fuel  prices.  High  and  sustained 
longterm  escalation  rates. 

***  Scenario  3  -  Inflation  increases  in  near-term  fossil  fuel  prices. 
High  and  sustained  long-term  escalation  rates. 


8030A 


13 


2.0 


ECONOMIC  ANALYSIS 


2.1  General 

2.1.1  Capital  Costs 

Order  of  magnitude  capital  cost  estimates  in  1985  dollars  are  shown  in 
Table  2-1.  Each  system  and  facility  cost  estimate  is  based  on  the 
equipment  lists  and  other  information  found  in  Site  Specific  Project 
Descriptions,  CLIN  000301,  2,  3  and  4,  on  information  from  equipment 
suppliers  and  on  Ebasco  Estimating  Department  records. 

Items  1  through  12  in  Table  2.1-1  include  the  following: 

a.  Cost  of  equipment  with  insurance,  freight  to  site  and  vendor 
engineering. 

b.  Cost  of  direct  labor  based  on  craft  union  agreements, 
payroll  taxes,  insurance,  fringes  and  supervision. 

For  the  Washington  DC,  Pennsylvania  and  Texas  sites,  five 
eight  hour  shifts  with  casual  overtime  are  assumed. 
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for  the  Alaska  site,  six  ten  hour  shifts  with  scheduled  overtime 
are  assumed. 

c.  Indirect  construction  costs,  including  temporary  construction 
plant  and  facilities,  nonmanual  local  hires  and  subcontractor 
profit  and  overhead. 

At  Fort  Greely  the  cost  of  incentives  to  attract  and  hold  craft 
labor  are  included.  This  covers  travel  allowances,  a 
construction  camp  and  other  living  accommodations,  recreational 
facilities,  food  subsidies,  etc. 

d.  Cost  of  engineering  and  home  office  overhead  valued  at  10%  of 

capital  costs. 

e.  Project  contingency  which  allows  for  uncertainties  in  the  cost 

estimate  that  would  be  resolved  in  a  detailed  design.  This 

contingency  which  varies  with  pricing  sources  and  workscope 
delineation  is  assigned  as  follows: 

Washington  DC  -  13% 

Scranton,  Pa  -  11% 

Ft  Hood,  Tx  -  12% 

Ft  Greely,  A1  -  14% 

f.  Process  contingency  of  5.0%  which  allows  for  uncertainties  in 

technical  performance. 

g.  An  engineering  and  home  office  fee  of  8%  of  process  capital. 

h.  Project  management 

Other  costs  associated  with  the  initiation  of  plant  operation  are  as 
follows: 


a. 


Preoroduction  cost  (Item  14)  covers  the  training  of  operating 
personnel,  preoperational  testing  of  equipment,  extra 


maintenance  and  inefficient  use  of  fuel  and  materials  during  startup.  To 
approximate  these  costs,  the  following  items  were  summed  for  each  GFC 
plant: 

1)  one  month's  fixed  and  variable  operating  and  maintenance 
costs. 

2)  25%  of  one  month's  coal  costs. 


3)  2%  of  the  plant  investment  (excluding  fixed  civil  work). 

b.  Inventory  capital  (Item  15)  is  estimated  as: 

1)  one  month  coal  supply  based  on  operation  at  rated  capacity. 

2)  one  month  suoply  of  other  consumables. 

c.  Initial  catalysts  and  chemicals  (Item  16)  are  those  contained  in 
the  process  equipment  but  not  in  storage. 

2.1.2  Operating  and  Maintenance  Costs 

As  indicated  in  Section  1.3,  typical  operating  and  maintenance  costs  were 
estimated  for  the  GFC  facility  and  included  the  following  components: 


o  Labor  and  fringes 

o  Contract  maintenance 

o  Supplies  and  Parts 

o  Site  Utilities  and  Waste  Disposal 

o  Fuel  Cell  Reloads 

o  Insurance  and  Taxes 


Labor  and  Fringes  -  Labor  costs  were  based  on  the  level  of  staffing 
outlined  in  Section  2.5  of  CLIN  0003  and  an  average  wage  rate  of  $15  per 
hour.  Fringe  benefits  were  estimated  at  10  percent  base  salary. 
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Contract  Maintenance  -  Outside  maintenance  assistance  during  outages  and 
for  specialized  tasks  was  estimated  as  25  percent  of  total  maintenance 
costs.  In-house  maintenance  labor  included  in  "Labor  and  Fringes"  above, 
was  estimated  at  15  percent  of  total  maintenance  costs  for  a  total 
maintenance  labor  component  of  40  percent. 

Supplies  and  Parts  -  Expenses  for  maintenance  materials,  tools  and  spare 
parts  was  estimated  at  60  percent  total  maintenance  costs.  (Total 
maintenance  costs  were  estimated  at  an  average  rate  of  2  percent  of 
investment  cost). 


Site  Utilities  and  Waste  Disposal  -  Expenses  were  based  on  estimated 
quantities  presented  in  CLIN  0003  and  the  following  unit  cost  factors 
obtained  at  the  Georgetown  site: 


o 

o 

0 

0 

0 

0 


Water 

Sewage 

Electricity 

Ash/Sludge 

Natural  Gas  (option) 

Catalysts/Chemicals 


S. 698/100  CF 
$1,297/100  CF 
5.4d/kWh 
$10/ton 
S4.80/106  BTU 
$175,000/yr 


Annual  Fuel  Cell  Reload  Costs  -  Replacement  of  the  fuel  cell  stack  every 
five  years,  or  20%  annually  every  year  was  estimated  at  $32/kW-yr. 


Insurance  and  Taxes  -  Insurance  and  taxes  were  estimated  at  $200,000/yr 
or  about  1/2  percent  of  total  investment  cost. 


2.1.3  Natural  Gas  Standby 

A  natural  gas  standby  system  was  considered  at  all  sites  but  Alaska,  as  a 
means  for  providing  a  secure  source  of  anode  gas  for  the  fuel  cell  during 
a  major  failure  in  the  coal  handling,  gasification  or  gas  processing 
systems.  Not  having  an  available  source  of  natural  gas,  this  system  was 
not  considered  for  Fort  Greely. 
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The  capital  cost  of  a  standby  system  which  includes  the  gas  service 
connection,  a  methane  reformer,  hydrodesulfurizer  and  gas  compressor  is 
estimated  by  Westinghouse  to  be  $4,700,000.  An  equivalent  system  for  the 
larger  UTC  system  is  estimated  to  be  $6,600,000. 

With  the  plant  capacity  factor  of  81*  estimated  for  this  project,  avoided 
costs  would  have  to  be  above  20d/kwh  to  pay  for  the  annual  equivalent 
capital  cost  and  associated  fixed  charges  of  the  natural  gas  standby 
system.  For  this  reason  and  also  noting  that  all  sites  can  maintain  flow 
of  heating  steam  during  a  GFC  system  outage  by  means  of  their  existing 
heating  plants,  the  option  for  a  natural  gas  standby  system  was  rejected. 

2.1.4  Site  Specific  Increments 

Site  specific  increments  have  been  defined  and  described  in  the  CLIN  0003 
report  series.  These  increments  represent  additional  capital  costs  that 
are  not  considered  a  part  of  the  GFC  system  or  its  economics  but  that  are 
nevertheless,  a  supplement  that  is  required  or  that  has  been  requested  to 
satisfy  other  related  site  requirements. 

A  brief  description  of  these  increments  and  their  costs  are  as  follows: 


This  increment  consists  primarily 
steam  and  condensate  connections  to 

Capital  Cost  -  $400,000 


of  the  acquisition  of  land  and  the 
the  existing  AAP  mains. 


It  is  proposed  that  the  land  for  the  GFC  would  be  purchased  from  the 
Scranton  City  Corporation  by  the  third  party  owner  and  given  to  the 
Department  of  the  Army. 


Fort  Greely,  Alaska 


The  major  part  of  this  increment  is  for  the  purpose  of  allowing  the  use 
of  coal  to  meet  all  Main  Post  energy  requirements. 
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The  increment  consists  of  additional  gasifiers,  pressure  blowers,  an 
aboveground  insulated  raw  gas  pipeline  to  existing  boiler,  reworking  of 
an  existing  boiler  to  burn  the  low  Btu  gas,  additional  coal  handling  and 
storage  and  the  steam  and  condensate  connections  (because  of  unusual 
length)  between  the  GFC  and  the  existing  steam  header. 

The  incremental  caoital  costs  imposed  by  severe  cold  (e.g.,  foundation 
work,  space  heating  and  the  greater  amount  of  enclosure  required)  have 
also  been  assigned  to  this  category. 

Capital  Cost,  Westinghouse  System  -  $17,500,000 
Capital  Cost,  UTC  System  -  $20,000,000 

Fort  Hood,  Texas 

This  increment  consists  of  a  complete  steam  abserption  unit  chilled  water 
plant,  a  high  temperature  hot  water  plant  and  an  extensive  underground 
chilled  and  hot  water  piping  distribution  system  with  tie-ins  and  heat 
exchangers  at  each  building  served. 

Capital  Cost  -  $17,500,000 

Washington,  D.C. 

Included  in  this  increment  are  relocation  of  disrupted  facilities, 
replacement  of  parking  and  relocation  of  athletic  playing  surface. 

Capital  Cost  -  16  to  $20,000,000 
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2.2  Scranton,  Pennsylvania  Site 

The  Scranton  Army  Ammunition  Plant  (AAP)  site  was  described  in  previous 
reports  (CLIN  000202  and  CLIN  000302).  To  verify  the  economic 
feasibility  of  the  GFC  plant,  the  costs  and  benefits  must  be  evaluated 
for  both  the  site  and  the  GFC  plant  third  party  owner.  Therefore,  this 
section  contains  the  following: 

1.  Site  costs/benefits. 

2.  Economics. 


3.  Conclusions. 


Although  the  "base  system"  for  this  site  is  designed  around  the 
Westinghouse  fuel  cell,  it  was  found  that  the  total  system  as  conceived 
in  CLIN  000302,  which  includes  the  use  of  anthracite  coal,  resulted  in  a 
negative  return  on  investment.  (It  is  believed  that  with  further 
optimizing  and  ^se  of  another  coal  type,  economics  of  the  Westinghouse 
based  GFC  will  improve.)  By  replacing  this  system  with  one  based  on  the 
UTC  fuel  cell  similar  to  that  described  for  the  Washington  D.C.  site 
(CLIN  000301)  and  supplied  with  an  eastern  bituminous  in  lieu  of  the 
anthracite  coal,  the  return  on  investment  increased  to  11.1*. 


For  this  reason  economics  of  the  UTC  cell  system  rather  than  of  the 
Westinghouse  system  is  analyzed  in  this  section. 

2.2.1  Site  Costs/Benefits 


The  benefits  to  Scranton  AAP  can  occur  through  savings  in  electric  power 
use,  fuel  use,  and  operating  and  maintenance  (O&M)  costs.  Each  of  these 


is  analyzed  in  the  two  sections  below. 

2. 2. 1.1  Energy  Use  and  Costs  Without  the  GFC 

To  serve  as  a  base  of  comparison  in  the  analyis  of  GFC  benefits  to  the 
site,  25-year  projections  were  made  of  energy  use  and  costs  without  the 
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GFC  for  the  years  1990-2009.  The  cost  factors  projected  are  discussed  as 
follows: 


Electric  Energy.  Currently,  Scranton  AAP  consumes  about  30  million  kWhs 
per  year  of  electric  energy.  The  escalation  in  kWh  use  is  expected  to  be 
moderate.  2%  per  year  was  assumed  in  the  near-term,  providing  somewhat 
more  than  32  million  kWh  in  1990.  A  2%  escalation  rate  was  assumed  for 
the  long-term  as  well. 

The  current  electric  energy  (kWh)  rate  is  4.3d/kWh.  A  5%  annual 
escalation  rate  was  assumed  for  all  scenarios  in  the  near-term 
(1985-1990),  providing  a  rate  of  approximately  5.5d/kWh  in  1990.  In  the 
base  scenario,  a  5%  escalation  rate  was  assumed  for  the  long  term.  For 
the  second  and  third  scenarios,  a  10%  long-term  escalation  rate  was 
assumed.  (See  Table  1-2  for  a  summary  of  assumptions  made  for  each 
scenario. ) 


The  current  annual  electric  energy  cost  is  about  $1.3  million.  Under  the 
above  assumptions,  it  would  increase  to  $1.8  million  in  1990.  The 
long-term  projection  of  electric  energy  costs  depends  on  escalation  rates 
that  vary  between  5%  and  10%  per  year. 

Electric  Demand.  Currently,  Scranton  AAP  has  a  peak  electric  demand  of 
about  8.5  MW.  It  was  assumed  this  would  increase  at  a  moderate  rate  of 
2%  per  year,  both  in  the  near-term  and  long-term. 

The  current  demand  charge  is  approximately  $3.5/kW/month.  In  the 
near-term  in  all  scenarios,  it  was  assumed  this  would  increase  at  5%  per 
year,  giving  a  demand  charge  of  $4.4/kW/month  in  1990.  The  long-term 
escalation  rates  varied  by  scenario. 


Currently,  the  total  electric  demand  cost  is  about  $360,000  annually. 
Under  the  assumptions  used  above,  this  would  increase  to  $500,000  by 
1990.  In  the  long-term,  a  range  of  escalation  rates  from  5%-10%  were 


The  total  electric  power  costs,  then,  are  currently  $1.6  million,  likely 
to  increase  to  $2.3  million  by  1990. 


Natural  Gas.  Currently,  about  350  million  cubic  feet  of  natural  gas  are 
consumed  annually  by  Scranton  AAR.  Assuming  this  usage  increases  by  255 
per  year,  an  assumption  consistent  with  the  total  energy  use  projections 
made  for  the  site,  the  natural  gas  required  would  increase  to  over  380 
million  cubic  feet  by  1990,  with  a  long-term  escalation  of  2%  per  year. 

The  current  cost  of  natural  gas  is  about  $5.80  per  mcf  (58d  per  therm). 
Under  the  first  (base)  scenario,  this  price  would  stay  flat  through  1990, 
then  increase  in  the  long-term  at  555  per  year.  While  near-term  decreases 
in  natural  gas  (and  oil)  costs  could  occur,  given  the  current  softness  of 
the  those  prices,  the  first  scenario  provides  a  low  level  of  natural  gas 
prices  from  1990  to  2009. 

The  current  annual  gas  cost  of  $2  million  would  increase  to  about  $2.2 
million  by  1990  under  the  base  scenario  assumption. 

Other  Fossil  Fuels.  Scranton  AAP  uses  a  minor  amount  of  fuel  oil  with 
usage  assumed  to  increase  at  255  per  year,  both  in  the  near-term  and 
long-term.  Its  current  price  of  63d  per  gallon  was  assumed  to  stay  flat 
under  the  first  scenario  analysis,  and  increase  at  555  per  year 
thereafter.  The  total  annual  cost  of  the  fuel  oil  use  is  negligible 
(perhaps  $10,000)  compared  to  the  natural  gas  cost. 

Operating  and  Maintenance  Costs.  Incomplete  information  was  available  on 
the  amount  of  energy-related  O&M  costs  for  Scranton  AAP.  Based  on  on 
available  data,  a  current  O&M  cost  of  slightly  more  than  $500,000  per 
year  was  assumed.  This  was  assumed  to  increase  555  annually  (inflation) 
to  $670,000  per  year  by  1990,  and  under  the  first  scenario,  to  increase 
by  555  per  year  thereafter. 

Total  Site  Energy  Costs.  The  total  annual  energy-related  costs  for 
Scranton  AAP  are  currently  over  $4.2  million.  Under  the  first  scenario, 
these  costs  would  increase  to  $5.2  million  in  1990,  and  would  increase  to 
$9-$10  million  per  year  in  1999.  The  total  cost  for  the  ten  years, 
1990-2009,  would  approximate  $70  million. 
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Table  2.2-1  shows  the  projected  near-term  energy  use,  rate,  and  total 
cost,  and  the  escalation  rates  assumed  for  the  long-term  under  the  first 
(base)  scenario. 

2. 2. 1.2  Costs/Benefits  With  the  GFC 

The  cost  savings  to  Scranton  AAP  can  occur  through  one  or  more  of  the 
following:  electric  energy  savings,  electric  demand  savings,  reduced  use 
of  gas  in  their  existing  boilers,  and  O&M.  The  electric  power  savings 
would  occur  if  the  GFC  plant  sells  power  to  the  site  at  a  cost  lower  than 
the  purchase  price  of  power  from  the  electric  utility. 

The  site  (AAP)  fuel  savings  would  occur  if  the  GFC  plant  sold  steam  to 
the  AAP  at  a  price  lower  than  it  would  otherwise  cost  the  AAP  to  produce 
it  in  their  gas  fired  boilers. 

The  site  would  have  O&M  savings  if  it  did  not  spend  as  much  operating  or 
maintenance  time  on  its  on-site  boiler,  steam,  and  electrical  systems  as 
it  would  without  the  GFC  plant.  Typically,  the  O&M  savings  occur  more 
through  reduced  boiler  and  steam  system  activity,  since  there  is  little 
on-site  electric  power  system  maintenance  required.  Further,  under  the 
GFC  plant  concept,  the  O&M  savings  can  be  mere  than  just  the  reduced 
labor  and  materials  cost  for  on-site  boiler  and  steam  systems 
maintenance.  The  GFC  plant  operators  could  well  operate  the  entire 
on-site  energy  plant.  In  fact,  it  is  preferable  to  do  this,  since  any 
integrated  energy  plant  decisions  and  interface  maintenance  requirements 
can  be  better  coordinated.  In  effect,  the  site  energy  plant  employees 
could  become  employees  of  the  GFC  plant. 

Site  energy  cost  savings  can  result  from  different  combinations  of  lower 
electric  power  and/or  steam  prices.  For  this  study,  the  site  savings  to 
Scranton  AAP  were  primarily  the  result  of  the  difference  in  cost  between 
steam  purchased  from  GFC  and  the  fuel  and  associated  O&M  costs  to 
generate  the  same  amount  of  steam  in  the  existing  gas  fired  boilers. 
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TABLE  2.2-1 
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SITE  ENERGY  USE.  PRICE  AND  COST  PROJECTIONS 
Scenario  1  (Base)  Scranton  AAP.  Pennsylvania 


Energy  Parameter 
Electric  Power 


1984  1985  1986  1987  1988  1989  1990 


1990-2009 

Escalation 

Rate 


Energy  (Mil  kWh) 

28.9 

29.5 

30.1 

30.7 

31.3 

31.9 

32.6 

2% 

**  * 

Rate  (e!/kWh) 

4.1 

4.3 

4.5 

4.8 

5.0 

5.3 

5.5 

5% 

b 

Demand  (MW) 

8.4 

8.6 

8.7 

8.9 

9.1 

9.3 

9.5 

2% 

Rate  ($/kW/Mo) 

3.3 

3.5 

3.6 

3.8 

4.0 

4.2 

4.4 

5% 

Overall  Rate  (e!/kWh) 

Fuels 

5.3 

5.5 

5.8 

6.1 

6.4 

6.7 

7.1 

Natural  Gas  (Mil  Mcf) 

341 

348 

355 

362 

369 

376 

384 

2% 

rr 

Price  ($/Mcf ) 

5.5 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5% 

Fuel  Oil  (Mil  gal) 

Small  ! 

Small  ! 

Small  ! 

Small  ! 

Small  ! 

Small  ! 

Small 

2% 

Price  ($/Gal) 

.60 

.63 

.63 

.63 

.63 

.63 

.63 

5% 

i 

O&M  Cost  ($  Mil) 

0.5 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

5% 

Total  Energy-Related 
Costs  ($  Million) 


3.9  4.2  4.4  4.6  4.8  5.0  5.2 
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There  is  an  additional  advantage  to  the  GFC  plant  from  a  savings  approach 
that  focuses  on  steam,  and  not  electric  power.  If  the  local  electric 
utility  can  pay  more  for  the  power,  depending  upon  its  rate  structure  and 
marginal  costs  of  capacity,  the  GFC  plant  would  derive  more  value  from 
its  power  output  than  it  would  if  it  simply  displaced  the  electric  power 
costs  for  the  site.  This  was  the  case  for  the  Scranton  AAP  site 
feasibility  analysis.  Pennsylvania  Power  and  Light  (PP&L)  has  an 
"avoided  cost"  rate  structure  (see  para.  2. 2. 2. 2)  that  exceeds  the 
expected  rate  for  purchased  power  by  Scranton  AAP  which  made  it  possible 
to  correspondingly  lower  the  steam  price. 

At  an  assumed  2%  growth  rate,  the  current  consumption  of  90  million 
pounds  of  steam  per  year  would  increase  to  approximately  100  million 
pounds  per  year  by  1990.  For  the  Scranton  AAP  GFC  feasibility  design, 
the  GFC  plant  steam  output  is  66  million  pounds  per  year  (see  CLIN 
0003).  The  assumed  GFC  purchase  price  by  Scranton  AAP  for  this  steam  (in 
1983  dollars)  is  $4  Der  thousand  pounds,  a  price  set  to  provide 
reasonable  savings  through  reduced  use  of  the  on-site  boilers.  At  an 
assumed  5*  annual  escalation  rate,  this  price  would  be  $5.10  per  thousand 
pounds  in  1990,  the  first  year  of  GFC  plant  operation  and  under  the  base 
scenario,  would  also  escalate  at  5%  in  the  long-term. 

With  the  GFC,  Scranton  AAP's  estimated  $2.2  million  cost  for  purchased 
fuels  in  1990  would  be  reduced  to  about  $2.0  million  for  purchased  steam 
and  remaining  fuel  requirements,  and  the  1990  O&M  could  be  reduced  from 
$670,000  to  $370,000,  or  by  $300,000. 

The  total  savings  in  1990  under  these  assumptions  is  estimated  at 
$500,000-$600,000.  It  is  likely  to  increase,  assuming  a  5*  electric 
power  and  fossil  fuel  escalation  rate  (first  scenario),  to  over  $800,000 
per  year  by  1999,  the  tenth  year  of  GFC  plant  operation.  The  cumulative 
savings  over  the  first  ten  years  of  GFC  plant  operation  (the  1990s)  would 
approximate  $7  million. 
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These  savings  are  conservative  since  they  are  based  on  the  first  scenario 
which  predicts  lower  energy  costs  without  the  GFC  than  those  forecast  by 
most  experts  through  the  year  2000.  The  estimate  of  site  cost  savings 
under  higher  escalation  rates  (scenarios  2  and  3)  would  be  $8-$ll  million 
for  the  ten-year  period.  Table  2.2-2  is  a  summary  of  the  projected  site 
energy  use,  costs,  and  savings  with  the  GFC  plant.  In  this  exhibit,  the 
current  and  projected  total  site  energy  use  is  shown.  It  also  shows  the 
total  site  energy  costs  without  the  GFC  and  with  the  GFC.  However,  the 
GFC  savings  accrue  only  to  the  fuels  and  O&M  costs  for  the  site. 
Accordingly,  on  this  tabulation,  a  GFC  energy  cost  comparison  is  shown 
next.  For  1990,  the  cost  of  the  GFC  thermal  energy  purchased,  combined 
with  the  O&M  savings  that  would  likely  occur  is  $300,000,  whereas  the 
equivalent  cost  of  fuel  and  O&M  without  the  GFC  is  estimated  at 
$800,000.  Finally,  the  exhibit  shows  the  estimated  GFC  related  cost 
savings  for  the  second  and  third  scenarios  analyzed. 

2.2.2  GFC  Plant  Economics 

The  GFC  plant  economic  attractiveness  is  measured  by  the  financial  return 
on  the  investment  provided.  Whether  one  uses  return  on  total  private 
investment  (ROI)  or  payback,  both  are  affected  by  the  magnitude  of 
investment  and  the  cash  savings  (after  tax)  that  it  can  generate. 
Therefore  this  section  covers  the  estimated  GFC  capital  cost,  GFC  O&M 
costs,  GFC  energy  output  characteristics  and  key  assumptions,  and  the  GFC 
plant  return  on  investment  (ROI)  results. 

In  the  calculation  used,  the  yearly  after-tax  cash  flows  for  10  operating 
years  are  discounted  to  a  present  value  and  effectively  divided  by  the 
present  value  of  private  capital  investment  which  occurs  over  3  years.  A 
negative  return  occurs  if  the  total  amount  of  the  operating  cash  flows  is 
less  than  the  total  private  investment.  The  ROI  of  an  investment  is  that 
discount  rate  at  which  the  present  value  of  the  operating  cash  flows 
exactly  equals  the  present  value  of  the  private  capital  investment. 
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TABLE  2.2-2 


PROJECTED  SITE  ENERGY  USE,  COSTS  AND  SAVINGS  WITH  GFC 

($  Million) 


Scranton  AAP,  Pennsylvania 


SCENARIO  1  (Base)* 

Current 

1985 

Projected 

1990  1995 

10-Vr  Total 

(1990-1999) 

Total  Site  Energy  Use 

Electric  (million  kWh) 

29.5 

32.6 

35.9 

356.4 

Thermal  (billion  Btu) 

97.3 

107.5 

118.6 

1176 

To  cal  Energy  Cost 

Cost  without  GFC 

5.2 

7.2 

71.4 

Cost  with  GFC 

4.7 

6.5 

64.6 

GFC  Energy  Cost  Comparison 

Cost  of  Energy  From  GFC 

.3 

.5 

4.4 

Cost  of  Same  Energy  and  O&M 

Without  GFC 

.8 

1.2 

11.2 

.5 

.7 

6.8 

SCENARIO  2:**  Cost  Savings 

with  GFC 

.5 

.8 

8.2 

SCENARIO  3:***  Cost  Savings 

with  GFC 

.7 

1.1 

10.7 

*  Flat  near  term  fossil  fuel  prices.  5*  long-term  escalation. 

**  Flat  near  term  fossil  fuel  prices.  10*  long-term  escalation. 

***  Fossil  fuel  prices  5%/year  near  term,  10%/year  long  term. 
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2.2.2. 1  Capital  Costs 


Under  the  commercialization  cost  sharing  concept  of  the  program,  the 
government  would  fund  70%  of  the  normal  capital  cost  for  the  GFC  plant, 
and  the  private  third-party  owner  the  remaining  30%  (See  Table  2.1-1). 
Further,  the  private  contribution  would  be  the  last  30%  required.  Under 
this  arrangement,  the  government  capital  contribution  would  be  $35.7 
million  and  the  private  contribution  $15.3  million,  as  shown  in  Table 
2.2-3.  These  shares  are  derived  as  follows: 

The  estimated  GFC  plant  construction  and  preproduction  costs  (1985 
dollars)  are  $40.0  million.  Assuming  a  5%  construction  cost  escalation 
until  equiDment  is  delivered  and  construction  is  completed  at  various 
stages,  these  costs  escalate  to  a  total  of  $46.9  million  installed  by  the 
end  of  1989.  The  construction  costs  timing  pattern  for  these  is  roughly 
a  20-40-40%  allocation  for  the  three  construction  years,  1987-1989. 

In  addition  to  the  hard  construction  costs,  there  are  other  capital 
requirements  for  any  project  to  begin  operation,  specifically 
construction  interest,  working  capital,  and  development,  financing, 
legal,  and  other  costs.  The  construction  interest  is  assumed  to  be  zero, 
for  two  reasons.  First,  the  basic  economic  measure  is  return  on  total 
private  investment,  with  no  private  debt,  hence  no  interest  costs. 
Second,  even  with  a  financing  structure  that  assumes  debt,  since  the  last 
capital  contribution  is  the  private  contribution,  the  amount  of  interest 
during  the  last  few  months  of  construction  is  small  compared  to  the  total 
capital  costs,  perhaps  a  few  hundred  thousand  dollars.  However,  because 
of  final  performance  testing  and  construction  certification  holdback 
amounts,  it  may  be  that  the  private  contribution  would  occur  virtually  at 
olant  startup,  with  no  attendant  construction  period  interest. 

Working  capital  is  required  for  the  delay  in  payment  of  invoices  (i.e., 
accounts  receivable),  fuel  inventory  needeu,  initial  catalyst  and 
chemicals,  and  other  initial  inventory.  The  estimated  capital 
requirements  at  startup  for  the  Scranton  AAP  site  for  these  items  is  $2.3 
million. 
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Finally,  for  any  privately  financed  entity,  there  are  private 

development,  financing,  legal,  and  other  costs  associated  with  that 
activity.  These  costs  are  estimated  at  $1.8  million  (fixed)  for  the 
project.  These  include: 

o  Financing  fees  of  $1.2  million,  or  8 %  of  the  private  capital 
requirement. 

o  Third  party  development  fee  of  $300,000,  or  2%  of  the  private 
capital. 

o  Legal  and  other  expenses  of  $300,000,  or  2%  of  the  private 

development  capital. 


The  total  capital  requirements,  as  installed,  for  the  Scranton  project, 
then,  are  $51.0  million.  Table  2.2-3  shows  the  percentage  and  timing 
breakdown  of  these  requirements  for  the  private  and  governmental  portions 
of  $15.3  and  $35.7  million  respectively. 


2. 2. 2. 2  Plant  Energy  Production 


The  margin  Drovided  by  the  output  revenues  and  the  basic  operating  cost 
determines  the  return  on  the  private  capital  required.  For  the  Scranton 
AflP  site,  the  QFC  plant  outputs  are  electric  power  and  steam.  Any  tars 
and  oils  or  other  intermediate  outputs  of  the  plant  are  reused  in  the 
process  as  an  auxiliary  fuel,  or  assumed  to  be  unusable  and  a  waste 
product. 


The  electric  power  revenues  from  the  GFC  plant  are  based  on  its  rate  of 
power  output,  number  of  operating  hours  per  year  and  the  price  received 
for  the  power  sold.  In  this  case,  the  entire  electric  power  output  is 
assumed  sold  to  the  electric  utility,  Pennsylvania  Power  &  Light  (PP&L) . 
The  assumed  avoided  cost  structure,  as  drawn  from  projections  provided  by 
the  utility  to  the  state  Public  Utilities  Commission,  is  8.8d  per 
kilowatt  hour  through  1992.  From  then,  and  based  on  projections  provided 
by  pp&L,  avoided  costs  escalate  to  12.7d/kWh  in  1995.  It  then  is 
escalated  at  either  5%  or  10*  per  year,  depending  on  the  scenario 
analyzed. 
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TABLE  2.2-3 


GFC  PLANT  CAPITAL  REQUIREMENTS  ($  Million) 


Scranton  AAP,  Pennsylvania 


Installed  Costs  Assuming  a 
1985  5-Percent  Escalation  Rate 
Dollars  1987  1988  1989  Total 

Construction  Costs 


GFC  Plant  Equipment 

35.2 

GFC  Dlant  Civil 

3.9 

Preproduction  Costs 

.9 

Subtotal 

40.1 

9.0 

18.5 

19.4 

46.9 

Other  Costs 

Construction  Interest 

0* 

0 

Working  Capital 

2.3 

2.3 

Development,  Financing,  Legal 
and  Other 

1.8 

1.8 

Subtotal 

4.1 

Total  Capital  Requirements 

9.0  18.5 

23.5 

51.0 

At  a  30/70  Mix  of  Capital 
Contributions: 

Private  Capital 

15.3* 

15.3 

Government  Capital 

9.0 

18.5 

8.2 

35.7 

*  Private  capital  would  be  legally  committed  at 
construction,  but  would  be  contributed  as  the  last 
Therefore,  construction  interest  on  any  private  debt 

the  beginning  of 
funding  increment, 
used  is  assumed  to 

be  zero. 
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The  electric  energy  sold  to  PP&L  is  estimated  at  88  million  kilowatt 
hours  per  year  in  the  first  five  years  of  operation,  increasing  to 
approximately  94  million  kilowatt  hours  thereafter.  The  assumption 
behind  this  increase  is  that,  with  operating  experience,  the  plant 
availability  should  increase  after  some  period  of  operation. 

The  total  electric  revenues  to  the  GFC  plant  corresponding  to  this  output 
are  $7.8  million  in  1990,  increasing  to  $12.0  million  in  1995  in 
accordance  with  the  increased  kWh  output  and  the  increased  rates.  The 
ten-year  revenues  for  the  plant  are  estimated  at  $106  million. 

The  remaining  revenues  for  the  plant  are  steam  revenues.  The  annual 
amount  of  steam  sold  upon  startup  of  the  GFC  plant  is  9200  thousand 
pounds  per  hour  and  35  million  per  year,  increasing  to  38  million  pounds 
per  year  in  1995  and  after.  In  accordance  with  the  steam  price 
assumptions  discussed  earlier,  the  expected  annual  revenues  in  1990  are 
$340,000,  increasing  to  $460,000  in  1995.  The  ten  year  stream  of  steam 
revenues  is  estimated  at  $4.5  million. 

Table  2.2-4  shows  the  key  electric  power  and  other  output  assumptions  for 
the  GFC  plant  for  the  first  year  and  sixth  year  of  operation,  and 
cumulatively  for  the  first  ten  years  of  ODeration. 

Both  the  O&M  and  the  fuel  operationg  costs  are  significant.  The  O&M  cost 
assumptions  were  explained  in  Section  2.2.2.  In  addition  to  the 
technical  O&M,  there  are  other  possible  annual  operating  costs  that  must 
be  considered,  mainly  taxes  and  insurance.  The  amount  estimated  for 
these  two  costs  in  1990  is  $260,000,  assumed  to  escalate  at  5%  per  year 
long-term. 

Using  a  coal  price  of  $58  per  ton  (under  the  first  scenario  analysis, 
fossil  fuel  prices  were  assumed  flat  for  five  years),  the  1990  coal  cost 
for  the  Scranton  GFC  plant  is  estimated  at  $3.0  million.  With  a  5% 
excalation,  and  an  increase  in  plant  operating  hours  starting  in  the 
sixth  year,  the  estimated  cost  in  1995  is  $3.8  million. 
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TABLE  2.2-4 

GFC  PLANT  ECONOMIC  OUTPUTS 
Scranton  AAP,  Pennsylvania 


Economic  Parameter 


Electric  Power  Output 


First 

Year 

(1990) 
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Sixth  First  10  Years 
Year  Operation 

1995)  (1990-1999) 


Net  Power  Output  (MW) 

12.3 

12.3 

Operating  Hours  per  year 

7096 

7596 

Energy  Sold  to  Site  (Mil  kWhs) 

0 

0 

0 

Price  (ef/kWh) 

NA 

NA 

Energy  Sold  to  Utility  (Mil  kWhs) 

87.3 

93.4 

904 

Price  (e!/kWh) 

8.8 

12.7 

:eam  Output  (at  240  psig) 

Output  Rate  (000  Lbs/hr) 

9200 

9200 

Sold  to  Site  (Mil  Lbs) 

66.1 

70.7 

684 

Price  (S/1000  Lbs) 

5.10 

6.50 
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While  the  basic  economic  analysis  did  not  focus  on  financing  and 
ownership  structures,  it  had  to  incorporate  some  fundamental  tax 
assumptions  in  order  to  derive  an  after-tax  cash  flow  return  on  the  total 
investment.  While  there  is  currently  a  substantial  focus  on  potential 
new  tax  legislation,  in  the  absence  of  any  new  proposals,  the  current  tax 
laws  were  assumed.*  Therefore,  the  tax  assumptions  made  were: 

o  10%  investment  tax  credit. 

o  5-year  straight  line  depreciation. 

o  50%  combined  federal  and  state  marginal  annual  income  tax  rate. 

o  As  a  sensitivity  analysis,  the  impact  of  the  annual  income  tax 

credit  (through  1999)  for  nonconventional  sources  of  gas  was 
evaluated.  Currently,  this  tax  credit  is  approximately  70i  per 
million  Btus  of  synthetic  gas  produced. 

2. 2. 2. 3  Return  on  Investment 

For  the  basic  economic  analysis  (CLIN  0004  requirement),  return  on  total 
investment  (ROI)  was  used  as  the  measure  of  the  GFC  plant  financial 
performance.  With  this  measure,  no  private  debt  is  assumed  —  i.e.,  the 
entire  private  investment  is  treated  as  equity. 


*  With  regard  to  tax  factors  affecting  the  GFC  plant  economics,  the 
overall  thrust  of  the  current  tax  proposals  is  to  eliminate  or  reduce 
the  investment  tax  credit  and  stretch  out  the  depreciation,  both 
measures  that  would  lower  the  ROI.  The  proposals  would  also  reduce 
marginal  annual  income  tax  rate,  a  measure  that  would  increase  the  ROI 
in  the  long-term. 


The  ROI  results  of  the  analysis  are  not  to  be  considered  as  final 
investment-decision  results.  Rather,  they  are  an  indicator  of  the 
potential  economic  attractiveness  of  the  GFC  plant.  The  ROI  result  is 
one  measure  to  be  used  by  the  Department  of  the  Army  to  decide  which 
sites  warrant  further  expenditures  for  preliminary  design  and  detailed 
economic/financing  analysis.  Other  measures  of  importance  to  be  used  by 
the  Army  will  be: 

o  Benefit  from  using  coal  to  replace  oil  and  gas  use. 

o  Increased  site  power  supply  reliability. 

o  Reduced  requirements  for  other  site  plant  capital  expenditures. 

o  The  value  of  a  maximum  price  guarantee  to  be  provided  by  the  GFC 
plant  that  would  not  be  available  from  existing  electricity  and 
fuel  suooliers. 

Further,  the  technical  design  and  economics  of  the  plant  were  not 
optimized  in  this  feasibility  study.  The  purpose  of  the  next  stage  ~ 
preliminary  design  and  testing  —  is  to  identify  improvements  in  the 
plant  efficiency  (causing  lower  operating  cests)  and  reductions  in  the 
capital  cost.  Also,  the  private  cost-sharing  component,  which  is  a 
significant  strength  of  the  GFC  concept,  has  been  roughtly  set  at  30%, 
based  on  an  expected  production  volume  capital  cost  for  the  GFC  plant  at 
30%  of  the  prototype  cost.  This  number,  coupled  with  revised  capital 
cost  estimates,  could  change  somewhat.  Therefore,  the  minimum  economic 
performance  required  from  the  analysis  to  warrant  further  work  should  not 
be  as  high  as  the  final  ROI  and  other  financial  requirements  that  would 
be  desired  by  investors  in  any  final  design  plant. 

A  feasibility  ROI  criterion  of  10%,  without  the  annual  syngas  income  tax 
credit  (which  makes  the  ROI  higher),  was  used  to  test  each  of  the  sites 
for  economic  feasibility.  While  the  syngas  tax  credit  has  been  in  effect 
for  several  years,  and  should  not  be  ignored  (see  Section  6.0),  it 
distorts  the  ROI  such  that  general  comparisons  with  other  ROIs  are  harder 
to  make.  The  10%  ROI  criterion  roughly  translates  into  a  25%  or  higher 
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return  on  equity  (ROE),  assuming  a  2/1  private  debt/equity  ratio. 
(Alternative  financing  structures  and  the  ROE  results  are  discussed  in 
Chapter  6.0,  Financing  and  Ownership  Analysis.) 

As  shown  in  Table  2.2-5,  the  total  GFC  plant  revenues  for  Scranton  AAP  in 
1990  are  estimated  at  $8.1  million,  and  total  costs  at  $5.8  million, 
resulting  in  an  operating  cash  flow  of  $2.3  million.  This  operating 
margin  increases  steadily,  with  a  10-year  total  operating  cash  flow  of 
approximately  $34  million. 

For  the  ROI  analysis,  there  is  no  debt  service  requirement.  Therefore, 
only  a  tax  saving  or  payment  needs  to  be  applied  to  the  operating  cash 
flow  to  obtain  the  after-tax  net  cash  flow. 

During  the  first  five  years  of  plant  life,  the  allowed  depreciation 
results  in  a  slight  tax  savings.  Therefore,  the  net  cash  flow  in  1990  is 
slightly  greater  than  the  operating  cash  flow.  However,  starting  in 
1995,  a  tax  oayment  of  50%  of  the  operating  cash  flow  occurs.*  Overall, 
the  net  cash  flow  is  fairly  steady  at  $2.0-$2.5  million  during  the  first 
ten  years  of  plant  life,  with  a  total  10-year  cash  flow  of  almost  $24 
million. 

The  resulting  ROI  under  the  base  scenario  is  approximately  11%.  The 
results  under  Scenario  2  (flat  near-term  fossil  prices  and  high, 
sustained  long-term  prices)  is  approximately  10%.  Under  Scenario  3,  with 
a  5%  annual  increase  in  near-term  fossil  energy  prices,  and  high, 
sustained  long-term  escalation  rates,  the  net  cash  flow  would  decrease 
significantly  during  the  first  ten  years  of  operation,  resulting  in  a 
10-year  cash  flow  of  2/3  that  of  the  first  two  scenarios  and  an  ROI  of 
about  3%.  While  this  scenario  does  not  appear  as  likely  as  either  one  of 
the  first  two,  its  effects  should  be  evaluated  in  further 
financial/economic  analysis. 


*  The  annual  income  tax  credit  for  nonconventional  sources  of  gas  (called 
the  syngas  tax  credit)  which  is  in  effect  through  1999,  has  not  been 
included  in  the  tax  calculation  so  that  the  resulting  ROI  can  be 
compared  to  other  ROIs  reflecting  conventional  tax  assumptions. 
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TABLE  2.2-5 


GFC  PLANT  CASH  FLOW  SUMMARY 
Scranton  APP,  Pennsylvania 


10-Year  Total 

Economic  Variable  _  1990  _ 1995 _  (1990-1999) 

6ase~ Scenario  (Flat  near-term  fuel  prices.  $fc/year  long-term) 


Revenue 


Electric 

7.8 

12.0 

106.0 

Other 

.3 

.5 

A. 5 

Subtotal 

ITT 

123 

TTo3 

Puel 

3.0 

3.8 

37.6 

O&M  &  Other 

2.8 

4.2 

38.8 

Subtotal 

5.8 

8.0 

76.4 

Operating  Cash  Flow 

2.3 

4.4 

34.1 

Tax  Saving  (Playment)* 

.2 

-2.2 

-10.4 

Net  cash  flow 

2.5 

2.2 

23.7 

ROI 

11.1% 

Scenario  2  (Flat  near-term  fuel  orices.  10%/year  long  term) 

Net  Cash  Flow  2.5  1.8  22.5 

ROI  9.7% 

Scenario  3  (Fuel  prices  5%/year  near  term,  10%/year  long  term) 

Net  Cash  Flow  2.1  1.1  16.0 

ROI  2.7% 

♦Does  not  include  the  annual  syngas  tax  credit. 
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2.2.3  Conclusions 


The  analysis  of  the  Scranton  AAP  site  led  to  the  following  conclusions: 

1.  Potential  site  thermal  and  O&M  savings  could  be  significant, 
approximating  10*  of  the  project  site  energy  costs,  and 
providing  a  certainty  in  energy  prices  not  available  from 
other  fuel  suppliers  and  the  electric  utility. 

2.  The  Westinghouse  GFC  plant  as  configured  for  this  site  for 
use  with  anthracite  coal,  did  not  provide  acceptable 
economics  because  of  lower  economies  of  scale  for  the 
smaller  plant  and  had  a  lower  overall  efficiency  than  the 
UTC  configuration  which  used  oituminous  coal.  (Accordingly, 
the  analysis  of  this  section  was  based  on  the  UTC  system.) 

3.  For  a  set  of  energy  prices  that  provides  the  Scranton  AAP  a 
10%  cost  savings,  the  minimum  GFC  plant  after-tax  return  on 
total  investment  indicator  exceeds  10%  with  the  potential 
for  improvement  by  optimization  in  final  design. 


2.3 


The  Fort  Greely  site  was  described  in  previous  reports  (CLIN  000204  and 
CLIN  000304).  To  verify  the  economic  feasibility  of  the  GFC  plant,  the 
cost  and  benefits  must  be  evaluated  for  both  the  site  and  the  GFC  plant 
third  party  owner.  Therefore,  this  section  contains  the  following: 

1.  Site  costs/benefits. 

2.  Economics. 

3.  Conclusions. 

Although  the  "base  system"  for  Fort  Greely  was  in  CLIN  000304,  designed 
around  the  Westinghouse  fuel  cell,  it  was  found  that  this  system  resulted 
in  a  negative  return  on  investment.  (It  is  believed  that  with  further 
optimizing,  economics  of  the  Westinghouse  based  GFC  may  improve.)  By 
replacing  this  system  with  one  based  on  the  UTC  fuel  cell  similar  to  that 
described  for  the  Fort  Hood,  Texas  site  (CLIN000303)  and  supplied  with  an 
eastern  bituminous  in  lieu  of  the  anthracite  coal,  the  return  on 
investment  increased  to  11.1%. 


For  this  reason  economics  of  the  UTC  cell  system  rather  than  of  the 
Westinghouse  system  is  analyzed  in  this  section. 

2.3.1  Site  Costs/Benefits 

The  benefits  to  Fort  Greely  can  occur  through  savings  in  electric  power 
use,  fuel  use,  and  operating  and  maintenance  (O&M)  costs. 


2. 3. 1.1  Energy  Use  and  Costs  Without  the  GFC 


As  base  of  comparison  for  the  analysis  of  GFC  benefits  to  the  site,  one 
must  first  project  the  energy  use  and  costs  without  the  GFC  plant.  The 
objective  of  this  25-year  projection  was  to  derive  reasonable  energy  use 
and  cost  numbers  for  the  years  1990-2009.  Therefore,  while  current  and 
expected  near-term  energy  use  and  prices  were  evaluated,  there  was  no 
attempt  to  analyze  temporary  aberration?  in  electric  power  or  fuel 
orices.  Each  of  the  energy  cost  factors  as  projected  is  discussed  in  the 
following  paragraDhs. 
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Electric  Energy.  Currently,  Fort  Greely  consumes  about  15  million  kWhs 
per  year  of  electric  energy.  The  expected  near-term  and  long-term 
escalation  in  kWh  use  is  almost  zero. 

The  current  electric  energy  rate  is  6.8£/kWh.  While  scenarios  were 
evaluated  with  alternative  energy  price  escalation  rates,  in  the  near- 
term  (1985-1990),  a  5%  annual  escalation  rate  was  assumed  for  all 
scenarios.  This  would  provide  a  rate  of  approximately  8.7^/kWh  in  1990. 
In  the  base  scenario,  a  5%  escalation  rate  was  assumed  for  the  long 
term.  For  the  second  and  third  scenarios,  a  10%  long-term  escalation 
rate  was  assumed.  (See  Table  1-2). 

The  current  annual  electric  energy  cost  is  about  $1  million.  Under  the 
above  assumptions,  it  would  increase  to  $1.4  million  in  1990.  The 
long-term  projection  of  electric  energy  costs  depends  on  escalation  that 
vary  between  5%  and  10%  per  year. 

Electric  Demand.  Currently,  Fort  Greely  has  a  peak  electric  demand  of 
about  3  MW,  which  is  not  exoected  to  increase  materially. 

The  current  demand  charges,  based  on  a  wheeling  charge  by  Golden  Valley 
Electric  Association  (GVEA) ,  is  approximately  $7/kW/month.  In  the  near- 
term  in  all  scenarios,  it  was  assumed  this  would  increase  at  5%  per  year, 
giving  a  demand  charge  of  almost  $9/kW/month  in  1990.  The  long-term 
escalation  rates  varied  by  scenario. 

Currently,  the  total  electric  demand  cost  is  about  $250,000  annually. 
Under  the  assumotions  used  above,  this  would  increase  to  $330,000  by 
1990.  In  the  long-term,  a  range  of  escalation  rates  from  5%-10%  were 
used. 

The  total  electric  power  costs,  then,  are  currently  $1.6  million,  likely 
to  increase  to  $1.7  million  by  1990. 
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Fuel  Oil.  Fort  Greely  uses  about  2.3  million  gallons  of  fuel  oil  per 
year  as  its  only  fossil  fuel  consumption  (natural  gas  is  not  available). 
As  with  electric  power,  the  thermal  energy  and  related  fuel  requirements, 
are  not  expected  to  increase  materially  over  time. 

The  current  cost  of  No.  2  fuel  oil  is  95d  per  gallon,  assumed  flat 
through  1990  under  the  base  scenario  analysis,  then  increasing  in  the 
long-term  at  5*  per  year. 

The  total  annual  fuel  oil  cost  is  currently  about  $2.2  million, 
increasing  marginally  with  time  in  accordance  with  the  above  assumptions. 

Operating  and  Maintenance  Costs.  Fort  Greely 's  energy  plant-related  O&M 
costs  are  currently  about  $900,000  per  year.  These  are  expected  to 
increase  at  an  inflation  rate,  (5*)  resulting  in  O&M  of  $1.1  million  in 
1990.  The  long-term  escalation  rates  for  O&M  were  varied  between  5-8% 
across  the  scenarios  analyzed. 

Total  Site  Energy  Costs.  The  total  annual  energy-related  costs  for  Fort 
Greely  are  currently  $4.3  million.  Under  the  first  scenario,  these  costs 
would  increase  to  $5  million  in  1990.  Under  the  base  scenario  analysis 
(5%  per  year  energy  price  escalation  long-term),  the  total  energy  related 
costs  for  the  site  would  increase  to  $8  million  per  year  in  1999  and  the 
total  cost  for  the  ten  years,  1990-2009,  would  approximte  $6  million. 

Table  2.3-1  shows  the  projected  near-term  energy  use,  rate,  and  total 
cost,  and  the  escalation  rates  assumed  for  the  long-term  under  the  first 
(base)  scenario. 

2. 3. 1.2  Site  Cost/Benefits  With  the  GFC 

The  cost  savings  to  Fort  Greely  can  occur  through  one  or  more  of  the 
following:  electric  energy  savings,  electric  demand  savings,  site  boiler 
fuel  savings,  and  O&M.  The  electric  power  savings  would  occur  if  the  GFC 
plant  sells  power  at  a  lower  cost  than  the  site  would  otherwise  purchase 
that  power  from  the  electric  utility.  The  site  fuel  savings  would  occur 
if  the  GFC  plant  sold  the  site  steam  at  a  price  lower  than  it  would 
otherwise  cost  the  site  to  produce  it. 
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SITE  ENERGY  USE,  WICE  AND  COST  PROJECTIONS  -  Scenario  1  (Base) 


The  site  would  have  O&M  savings  if  it  did  spend  as  much  operating  or 
maintenance  time  on  its  on-site  boiler,  steam,  and  electrical  systems  as 
it  would  without  the  GFC  plant.  Typically,  the  O&M  savings  occur  more 
through  reduced  boiler  and  steam  system  activity,  since  there  is  little 
on-site  electric  power  system  maintenance  required.  Further,  under  the 
GFC  plant  concept,  the  O&M  savings  can  be  more  than  just  the  reduced 
labor  and  materials  cost  for  on-site  boiler  and  steam  systems 
maintenance.  The  GFC  plant  operators  could  well  operate  the  entire 
on-site  energy  plant.  In  fact,  it  is  preferable  to  do  this,  since  any 
integrated  energy  plant  decisions  and  interface  maintenance  requirements 
can  be  better  coordinated.  In  effect,  the  site  energy  plant  employees 
could  become  employees  of  the  GFC  plant. 

Site  energy  cost  savings  can  result  from  different  combinations  of  lower 
electric  power  and/or  steam  prices.  For  this  study,  the  site  savings  to 
Fort  Greely  were  primarily  the  result  of  the  difference  in  cost  between 
steam  purchased  from  GFC  and  the  fuel  and  associated  O&M  costs  to 
generate  the  same  amount  of  steam  in  the  existing  oil  fired  boilers. 

There  is  an  additional  advantage  to  the  GFC  plant  from  a  savings  approach 
that  focuses  on  stream,  and  not  electric  power.  If  the  local  electric 
utility  can  cay  more  for  the  power,  depending  upon  its  rate  structure  and 
marginal  costs  of  capacity,  the  GFC  plant  would  derive  more  value  from 
its  power  outout  than  it  would  if  it  simply  displaced  the  electric  power 
costs  for  the  site.  Our  analysis  of  GVEA  capacity  and  energy 
requirements  in  the  1990s  indicates  that  the  value  of  GVEA  of  new 
capacity  in  the  Fort  Greely  area  should  be  substantial.  However,  we  have 
not  assumed  it  would  exceed  the  projected  purchase  price  of  power  by  Fort 
Greely.  Therefore,  the  GFC  plant  was  assumed  to  provide  all  of  the  Fort 
Greely  electric  power,  and  then  sell  its  excess  to  GVEA.  The  price  for 
GFG  oower  sold  to  Fort  Greely  was  assumed  equal  to  its  purchased  cost  of 
power,  and  the  site  savings  were  provided  through  the  sale  of  lower-cost 
steam  and  through  savings  in  O&M. 
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Fort  Greely  currently  consumes  about  230  million  pounds  of  steam  per 
year,  expected  to  increase  marginally  over  time.  The  expected  GFC  plant 
output,  as  configured  for  Fort  Greely  is  67  million  pounds  per  year  (see 
CLIN  3).  The  assumed  purchase  price  for  this  steam  (in  1985  dollars)  is 
$6  per  thousand  pounds,  clearly  less  than  it  costs  using  the  on-site 
boilers.  At  an  assumed  5%  annual  escalation  rate,  this  price  would  be 
$7.7  per  thousand  pounds  in  1990,  the  first  year  of  GFC  plant  operation. 
Under  the  base  scenario,  this  price  was  assumed  to  escalate  at  5%  per 
year  in  the  long-term. 

Fort  Greely 's  expected  $2.2  million  cost  for  purchased  fuels  in  1990 
would  be  reduced  to  about  $1.9  million  for  purchase  steam  and  remaining 
fuel  requirements,  and  the  1990  O&M  could  be  reduced  from  $1.1  million  to 
$600,000,  or  $500,000. 

The  total  estimated  site  savings  in  1990  under  these  assumptions  is 
estimated  at  $800,000.  It  is  likely  to  increase,  assuming  a  5 %  electric 
power  and  fossil  fuel  escalation  rate  (first  scenario),  to  over  $1.3 
million  per  year  by  1999,  the  tenth  year  of  GFC  plant  operation.  The 
cumulative  savings  over  the  first  ten  years  of  GFC  plant  operation  (the 
1990s)  would  aDproximate  $10.3  million. 

These  savings  are  likely  to  be  the  minimum  that  will  be  achieved,  since 
the  first  scenario  is  likely  to  produce  lower  energy  costs  without  the 
GFC  plant  than  is  expected  through  the  year  2000.  The  estimate  of  site 
cost  savings  under  higher  escalation  rates  (scenarios  2  and  3)  would  be 
$12-20  million  for  the  ten-year  period.  Table  2.3-2  is  a  summary  of  the 
projected  site  energy  use,  costs,  and  savings  with  the  GFC  plant.  In 
this  exhibit,  the  current  and  projected  total  site  energy  use  is  shown. 
It  also  shows  the  total  site  energy  costs  without  the  GFC  and  with  the 
GFC.  However,  the  GFC  savings  accrue  only  to  the  fuels  and  O&M  costs  for 
the  site.  Accordingly,  a  GFC  energy  cost  comparison  is  shown  next  on  the 
exhibit.  Fpr  1990,  the  cost  of  the  GFC  electric  and  thermal  energy 
purchased,  is  $3.0  million,  whereas  the  cost  of  these  fuels  and  O&M  costs 
without  the  GFC  is  estimated  at  $3.8  million.  Finally,  this  table  shows 
the  estimated  GFC-related  cost  savings  for  the  second  and  third  scenarios 
analyzed. 
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TABLE  2.3-2 


PROJECTED  SITE  ENERGY  USE,  COSTS  AND  SAVINGS  WITH  GFC 

($  Million) 


Fort  Greely,  Alaska 


SCENARIO  1  (Base)* 

Current 

1985 

Projected 

1990  1995 

10-Vr  Total 

(1990-1999) 

Total  Site  Energy  Use 

Electric  (million  kWh) 

15.7 

15.9 

16.0 

160 

Thermal  (billion  Btu) 

240 

240 

242 

2447 

Total  Energy  Cost 

5.0  6.5  64.0 

4.2  5.5  53.7 


Cost  without  GFC 
Cost  with  GFC 


GFC  Energy  Cost  Comparison 

Cost  of  Energy  from  GFC  3.0  4.0  38.5 

Cost  of  Same  Energy  and  3.8  5.0  48.8 

O&M  Without  GFC 


Cost  Savings  with  GFC 


.8  1.0  10.3 


SCENARIO  2:** 

Cost  Savings  with  GFC 

.8 

1.2 

12.2 

SCENARIO  3:*** 

Cost  Savings  with  GFC 

1.3 

2.0 

19.2 

*  Flat  near-term  fossil  fuel  prices.  5%  long-term  escalation. 

**  Flat  near-term  fossil  fuel  prices.  10%  long-term  escalation. 

***  Fossil  fuel  prices  5%/year  near  term,  10%/year  long  term. 
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2.3.2 


Economics 


The  GFC  plant  economic  attractiveness  must  be  measured  by  the  financial 
return  on  the  investment  provided.  Whether  one  uses  return  on  total 
private  investment  (ROI)  or  payback,  both  are  affected  by  the  investment 
and  cash  savings  (after  tax)  that  it  can  generate.  Therefore  this 
section  covers  the  estimated  GFC  capital  cost,  GFC  O&M  costs,  GFC  energy 
output  characteristics  and  key  assumptions,  and  the  CCC  plant  return  on 
investment  (ROI)  results. 

2. 3.2.1  Capital  Costs 

Under  the  commercialization  cost  sharing  concept  of  the  program,  the 
government  would  fund  70%  of  the  normal  capital  cost  for  the  GFC  plant, 
and  the  private  third-party  owner  the  remaining  30%.  Further,  the 
orivate  contribution  would  be  the  last  30%  required.  However,  noting 
that  there  is  a  substantial  premium  for  construction  in  Alaska  due  to 
higher  labor  costs,  transportation  costs  and  severe  climate,  it  is 
proposed  that  this  differential  of  about  $28,000,000  be  funded  by  the 
Federal  Government.  This  would  in  effect,  raise  the  percentage  funded  by 
the  government  to  80%  of  capital  cost.  Under  this  arrangement,  the 
government  capital  contribution  would  be  $64.9  million  and  private 
contribution  $16.2  million,  as  shown  in  Table  2.3-3.  These  shares  are 

derived  as  follows. 

The  estimated  GFC  plant  construction  and  preproduction  costs  (1983 
dollars)  are  $66.0  million.  Assuming  a  5%  construction  cost  escalation 
until  equipment  is  delivered  and  construction  is  completed  at  various 
states,  these  costs  escalate  to  a  total  of  $77.2  million  installed  by  the 

end  of  1989.  The  construction  costs  timing  pattern  for  these  is  roughly 

a  20-40-40%  allocation  for  the  three  construction  years,  1978-1989. 

In  addition  to  the  hard  construction  costs,  there  are  other  capital 
requirements  for  any  project  to  begin  operation,  specifically 

construction  interest,  working  capital,  and  development,  financing, 
legal,  and  other  costs.  The  construction  interest  is  assumed  to  be  zero, 
for  two  reasons.  First,  the  basic  economic  measure  is  return  on  total 
private  investment,  with  no  private  debt,  hence  no  interest  costs. 
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Second,  even  with  a  financing  structure  that  assumes  debt,  since  the  last 
capital  contribution  is  the  private  contribution,  the  amount  of  interest 
during  the  last  few  months  of  construction  is  small  compared  to  the  total 
capital  costs,  perhaps  a  few  hundred  thousand  dollars.  However,  because 
of  final  performance  testing  and  construction  certification  holdback 
amounts,  it  may  be  that  the  private  contribution  would  occur  virtually  at 
plant  startup,  with  no  attendent  construction  period  interest. 

Working  capital  is  required  for  the  delay  in  payment  of  invoices  (i.e., 
accounts  receivable),  fuel  inventory  needed,  initial  catalyst  and 
chemicals,  and  other  initial  inventory.  The  estimated  capital 
requirements  at  startup  for  the  Fort  Greely  site  for  these  items  is  $2.0 
million. 

Finally,  for  any  privately  financed  entity,  there  are  private 
development,  financing,  legal,  and  other  costs  associated  with  that 
activity.  These  costs  are  estimated  at  $1.9  million  (fixed)  for  the 
project.  These  include: 

o  Financing  fees  of  $1.3  million,  or  8%  of  the  private 
capital  requirement. 

o  Third  party  development  fee  of  $300,000,  or  2%  of  the 
private  capital. 

o  Legal  and  other  expenses  of  $300,000,  or  2%  of  the  private 
development  capital. 

The  total  capital  requirements,  as  installed,  for  the  Ft.  Greely  project, 
then,  are  $81.1  million.  Table  2.3-3  shows  the  percentage  and  timing 
breakdown  of  these  requirements  for  the  private  and  governmental  portions 
of  $16.2  and  $64.9  million  respectively. 
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TABLE  2.3-3 


*  Private  capital  would  be  legally  committed  at  the  beginning  of 
construction,  but  would  be  contributed  as  the  last  funding  increment. 
Therefore,  construction  interest  on  any  private  debt  used  is  assumed  to 
be  zero. 

**80  percent  government  contribution  determined  as  follows: 

100%  of  $28  million  special  site  civil,  equipment,  and  28.0 

labor  costs  accruing  to  Alaskan  Army  base  location 

70%  of  $53.1  million  remaining  costs  36.9 

TOTAL  64.9 
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2. 3. 2. 2  Plant  Energy  Production 


The  margin  provided  by  the  output  revenues  and  the  basic  operating  cost 
determines  the  return  on  the  private  capital  required.  For  the  GFC  site, 
the  GFC  plant  outputs  are  electric  power,  steam  and  10%  excess  coal  fines 
received  that  cannot  be  handled  by  the  coal  gasification  equipment.  Any 
tars  and  oils  or  other  intermediate  outputs  of  the  plant  are  reused  in 
the  process  as  an  auxiliary  fuel,  or  assumed  to  be  unusable  and  a  waste 
product. 

The  electric  power  revenues  from  the  GFC  plant  are  based  on  its  rate  of 
power  output,  number  of  operating  hours  per  year,  and  the  price  received 
for  the  power  sold.  For  Fort  Greely  the  GFC  plant  provides  all  of  the 
site  power  requirements,  and  the  excess  GFC  plant  power  is  sold  to  the 
utility,  GVEA.  The  price  for  the  power  is  set  at  the  purchased  power 
cost  for  the  site,  which  currently  8.43£/kWh  (total  electric  power  bill 
divided  by  the  number  of  kWhs).  It  would  increase  to  10.B£/kWh  by  1990, 
assuming  a  5%  escalation  rate.  The  assumed  sale  price  of  the  power  to 
GVEA  in  1990  is  8.9£/kWh.  Under  the  base  scenario,  the  long-term 
escalation  rate  of  both  the  displaced  purchased  power  cost  and  the  sale 
price  to  GVEA  is  assumed  at  5%/year.  The  8.9^/kWh  1990  price  to  GVEA, 
and  the  5%/year  escalation  escalation  rate  is  based  on  the  minimum  value 
assigned  to  the  cost  of  new  capacity  that  will  be  needed  on  GVEA's  system 
in  the  1990s,  preferably  in  the  Fort  Greely  geographic  area. 

The  electric  energy  produced  by  the  GFC  plant  is  estimated  at  72  kWh  in 
1990,  increasing  to  over  77  million  kWhs  in  1995  from  increase  in  the 
number  of  estimated  operating  hours.  The  increase  in  operating  hours  is 
based  on  the  assumption  that,  with  some  substantial  operatng  experience, 
the  plant  availability  should  increase.  The  electric  revenues  for  the 
power  sold  from  the  GFC  plant  are  estimated  at  $6.7  million  in  1990, 
increasing  to  $9.2  million  in  1995,  and  totalling  almost  $90  million  for 
the  first  10  years  of  plant  life. 

The  amount  of  steam  sold  to  Fort  Greely  by  the  GFC  plant  is  estimated  at 
167  million  pounds  per  year  in  1990,  increasing  to  179  million  pounds  per 
year  in  1995.  the  price  assumed  for  sale  of  the  steam  is  $6/thousand 
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pounds  (1985  dollars),  which  is  less  than  it  costs  to  produce  it 
on-site.  The  cost  of  boiler  fuels  and  labor  are  significant  in  Alaska 
(the  fuel  oil  cost  is  approximately  40-50%  higher  than  the  lower  48 
states).  The  steam  price  in  1990,  assuming  a  5%  escalation  rate,  would 
be  $7.7/thousand  pounds,  increasing  to  $9. 8/thousand  pounds  by  1995,  and 
escalating  at  5%  (under  the  base  scenario)  in  the  long-term.  The 
estimated  steam  revenues  in  1990  are  $1.3  million,  increasing  to  $1.8 
million  in  1995,  and  approximating  $16  million  for  the  ten  years, 
1990-1999. 

The  excess  coal  fines  contained  in  the  coal  received  are  unusable  in  the 
coal  gasifier  (which  can  take  up  to  15%  of  fines  in  the  coal  mix 
handled).  Approximately  10%  of  the  coal  received  would  be  resold  as 
excess  fines.  Assuming  a  delivered  coal  price  to  Fort  Wainwight  to 
complete  with  the  $/million  Btu  delivered  prices  of  other  coal,  a  1985 
coal  fines  price  of  $34/ton  f.o.b.  Greely  was  assumed.  At  a  5%  per  year 
escalation  rate,  the  1990  coal  price  would  be  over  $43/ton.  This  would 
provide  coal  fines  sale  revenues  in  1990  of  $420,000,  increasing  at  5%  in 
the  long-term,  under  the  base  scenario  assumptions. 

Table  2.3-4  shows  the  electric  power,  and  steam  production  for  the  GFC 
plant  for  the  first  and  sixth  years  of  operation,  and  cumulatively  for 
the  first  ten  years  of  operation. 

Both  O&M  and  the  fuel  costs  are  significant.  The  O&M  cost  assumptions 
were  explained  in  Section  2.1.2.  In  addition  to  the  technical  O&M,  there 
are  other  possible  annual  operating  costs  that  must  be  considered,  mainly 
taxes  and  insurance.  The  amount  estimated  for  these  two  costs  in  1990  is 
$260,000,  assumed  to  escalate  at  5%  per  year  long-term. 

Using  a  coal  price  of  $39  per  ton  (under  the  first  scenario  analysis, 
fossil  fuel  prices  were  assumed  flat  for  five  years),  the  1990  coal  cost 
for  the  Scranton  GFC  plant  is  estimated  at  $3.2  million.  With  a  5% 
escalation,  and  an  increase  in  plant  operaing  hours  starting  in  the  sixth 
year,  the  estimated  cost  in  1995  is  $4.1  million. 
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GFC  PLANT  ECONOMIC  OUTPUT  ($  Million) 


Fort  Greely,  Alaska  Site 


First 

Sixth 

First  10  Years 

1985 

Year 

Operation 

Economic  Parameter 

(1990) 

(1995) 

(1990-1999) 

Electric  Power  Output 

Net  Power  Output  (MW) 

10.2 

10.2 

Operating  Hours  per  years 

7096 

7596 

Energy  Sold  to  Site  (Mil  kWhs) 

15.9 

16.0 

160 

Price  (£/kWh) 

10.8 

13.7 

Energy  Sold  to  Utility  (Mil  kWhs) 

56.4 

61.4 

588 

Price  (£/kWh) 

8.9 

11.4 

Steam  Output  (at  240  psig) 

Output  Rate  1000  lb/hr) 

23600 

23600 

Sold  to  Site  (Mil  Lbs) 

167.5 

179.3 

1734 

Price  (S/OOO  Lbs) 

7.7 

9.8 

Other  Output 

Coal  Fines  Sold  (Bil  Btu) 

145 

155 

1599 

Price  ($/Ton) 

43 

55 
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While  the  basic  economic  analysis  did  not  focus  on  financing  and 

ownership  structures,  it  had  to  incorporate  some  fundamental  tax 
assumptions  in  order  to  derive  an  after-tax  cash  flow  return  on  the  total 
investiment.  While  there  is  currently  a  substantial  focus  on  potential 
new  tax  legislation,  in  the  absence  of  any  new  proposals,  the  current  tax 
laws  were  assumed.*  Therefore,  the  tax  assumptions  made  were: 

o  10%  investment  tax  credit. 

o  5-year  straight  line  depreciation. 

o  50%  combined  federal  and  state  marginal  annual  income  tax 
rate. 

o  As  a  sensitivity  analysis,  the  impact  of  the  annual  income 
tax  credit  (through  1999)  for  nonconventional  sources  of 
gas  was  evaluated.  Currently,  this  tax  credit  is 

approximately  70d  per  million  Btus  of  synthetic  gas 

produced. 

2. 3. 2.3  Return  on  Investment 

For  the  basic  economic  analysis,  return  on  total  investment  (ROI)  was 
used  as  the  measure  of  the  GFC  plant  financial  performance.  With  this 
measure,  no  private  debt  is  assumed  —  i.e.,  the  entire  private 
investment  is  treated  as  equity. 

The  ROI  results  of  the  analysis  are  not  to  be  considered  as  final 
investment  decision  results.  Rather,  they  are  an  indicator  of  the 


*  With  regard  to  tax  factors  affecting  the  GFC  plant  economics,  the 
overall  thrust  of  the  current  tax  proposals  is  to  eliminate  or  reduce 
the  investment  tax  credit  and  stretch  out  the  depreciation,  both 
measures  that  would  lower  the  ROI.  The  proposals  would  also  reduce  the 
marginal  annual  income  tax  rate,  a  measure  that  would  increase  the  ROI 
in  the  long-term. 
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potential  economic  attractiveness  of  the  GFC  plant.  The  ROI  results  is 
one  measure  to  be  used  by  the  Department  of  ne  Army  to  decide  which 
sites  warrant  further  expenditures  for  preliminary  design  and  more 
refined  economic/financing  anaysis.  Other  measures  of  importance  to  be 
used  by  the  Army  will  be: 

o  Benefit  from  using  coal  to  replace  oil  and  gas  use. 

o  Increased  site  power  supply  reliability. 

o  Reduced  requirements  for  other  site  plant  capital 
expenditures. 

o  The  value  of  a  maximum  price  guarantee  to  be  provided  by 
the  GFC  plant  that  would  not  be  avaiable  from  existing 
electricity  and  fuel  suppliers. 

Further,  the  technical  design  and  economics  of  the  plant  were  not 
optimized  in  this  feasibility  study.  The  purpose  of  the  next  state  — 
preliminary  design  and  testing  —  is  to  identify  improvements  in  the 

plant  efficiency  (causing  lower  operting  costs)  and  reductions  in  the 
capital  cost.  Also,  the  private  cost-sharing  component,  which  is  a 
significant  strength  of  the  GFC  concept,  has  been  roughly  set  at  30%, 
based  on  an  expected  production  volume  capital  cost  for  the  GFC  plant  at 
30%  of  the  prototype  cost.  This  number,  coupled  with  revised  capital 
cost  estimates,  could  change  somewhat.  Therefore,  the  minimum  economic 
performance  required  from  the  analysis  to  warrant  further  work  should  not 
be  as  high  as  the  final  ROI  and  other  financial  requirements  that  would 
be  desired  by  investors. 

Therefore,  a  feasibility  ROI  criterion  of  10%,  without  the  annual  syngas 
income  tax  credit  (which  makes  the  ROI  higher),  was  used  to  test  each  of 
the  sites  for  economic  feasibility.  While  the  syngas  tax  credit  has  been 
in  effect  for  several  years,  and  should  not  be  ignored,  it  distorts  an 
ROI  number  such  that  general  comparisons  with  other  ROIs  are  harder  to 

make.  The  10%  ROI  criterion  roughly  translates  into  a  25%  or  higher 

return  on  equity  (ROE),  assuming  a  2/1  private  debt/equity  ratio. 
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(Alternative  financing  structures  and  the  ROE  results  are  discussed  in 
Section  3.0,  Financing  and  Ownership  Analysis.) 

As  shown  in  Table  2.3-5,  the  total  GFC  plant  revenues  for  Fort  Greely  in 
1990  are  estimated  at  $8.4  million,  and  total  costs  at  $6.0  million, 
resulting  in  an  operating  cash  flow  of  $2.4  million.  This  operating  cash 
margin  increases  steadily,  with  a  10-year  total  operating  cash  flow  of 
approximately  $34  million. 

For  the  ROI  analysis,  there  is  no  debt  service  requirement.  Therefore, 
only  a  tax  saving  or  payment  needs  to  be  applied  to  the  operating  cash 
flow  to  obtain  the  after-tax  net  cash  flow. 

During  the  first  five  years  of  plant  life,  the  allowed  depreciation 
results  in  a  slight  tax  savings.  Therefore,  the  net  cash  flow  in  1990  is 
slightly  greater  than  the  operating  cash  flow.  However,  starting  in 
1995,  a  tax  payment  of  50%  of  the  operating  cash  flow  occurs.*  Overall, 
the  net  cash  flow  is  fairly  steady  at  $2.0-$2.5  million  during  the  first 
ten  years  of  plant  life,  with  a  total  10-year  cash  flow  of  almost 
$24  million. 

The  resulting  ROI  under  the  base  scenario  is  approximately  11%.  The 
results  under  Scenario  2  (flat  near-term  fossil  prices  and  high, 
sustained  long-term  prices)  is  16%.  Under  Scenario  3,  with  a  5%  annual 
increase  in  near-term  fossil  energy  prices,  and  high,  sustained  long-term 
escalation  rates,  the  ROI  is  10%. 

*  The  annual  income  tax  credit  for  nonconventional  sources  of  gas 
(called  the  syngas  tax  credit)  which  is  in  effect  through  1999,  has 
not  been  included  in  the  tax  calculation  so  that  the  resulting  ROI  can 
be  compared  to  other  ROIs  reflecting  conventional  tax  assumptions. 
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TABLE  2.3-5 

GFC  PLANT  CASH  FLOW  SUMMARY 

Fort  Greely,  Alaska  Site 


10-Year  Total 

Economic  Variable  1990)  1995  (1990-1999) 


Base  Scenario 
Revenue 


Electric 

6.7 

9.2 

87.9 

Other 

1.7 

2.2 

21.4 

Subtotal 

8.4 

11.4 

109.3 

Cost 

Fuel 

3.2 

4.1 

40.2 

0&M  &  Other 

2.8 

3.6 

35.4 

Subtotal 

TP5 

TT7 

Operating  Cash  Flow 

2.4 

3.7 

33.7 

Tax  Saving  (Payment) 

.3 

-1.9 

-9.5 

Net  Cash  Flow 

2.7 

1.8 

24.2 

ROI 

11.1% 

Scenario  2 

Net  cash  flow 

2.7 

2.5 

30.9 

ROI 

15.7% 

Scenario  3 

Net  cash  flow 

2.2 

1.8 

23.9 

ROI 

9.9% 

803 0A  55 


2.3.3  Conclusions 


The  analysis  of  the  Fort  Greely  site  led  to  the  following  conclusions: 

1.  Potential  site  thermal  and  O&M  savings  could  be 
significant,  approximating  15*  of  the  project  site  energy 
costs,  and  providing  a  certainty  in  energy  prices  not 
available  from  other  fuel  suppliers  and  the  electric 
utility. 

2.  The  Westinghouse  GFC  plant  configuration  did  not  provide 
acceptable  economics  because  of  lower  economies  of  scale 
for  a  smaller  Diant  and  a  lower  efficiency  than  the  UTC 
configuration. 

3.  For  a  set  of  energy  prices  that  provides  Fort  Greely  a  15* 
cost  savings,  the  minimum  GFC  plant  after-tax  return  on 
total  investment  indicator  exceeds  10*,  and  promises  the 
potential  to  exceed  15*  through  further  work  that  optimzes 
the  technical  design  and  economics. 

A.  The  addition  of  new  GFC  capacity  in  the  1990's  in  the  Fort 
Greely  area  would  be  of  significant  value  to  GVEA  and  would 
also  be  available  for  use  by  Fort  Wainright  to  handle 
increased  electrical  demand  with  the  stationing  of 
additional  military  personnel. 


S' 


2.4  Fort  Hood,  Texas  Site 

The  Fort  Hood  Texas  site  was  described  in  previous  reports  (CLIN  000203 
and  CLIN  000303).  To  verify  the  economic  feasibility  of  the  GFC  plant, 
the  costs  and  benefits  must  be  evaluated  for  both  the  site  and  the  GFC 
plant  third  party  owner.  Therefore,  this  chapter  contains  the  following 
sections: 


1.  Site  costs/benefits 

2.  Economics 

3.  Conclusions 

2.4.1  Site  Costs  Benefits 

The  benefits  to  Fort  Hood  can  occur  through  savings  in  electric  power 
use,  fuel  use,  and  operating  and  maintenance  (O&M)  costs.  Each  of  these 
is  analyzed  in  the  two  sections  below. 

2. 4. 1.1  Energy  Use  and  Costs  Without  the  GFC 

To  serve  as  a  base  of  comparison  in  the  analysis  of  GFC  benefits  to  the 
site,  25-year  projections  were  made  of  energy  use  and  costs  without  the 
GFC  for  the  years  1990-2009. 

The  cost  factors  projected  are  as  follows: 

Electric  Energy.  Currently,  Fort  Hood  consumes  about  290  million  kWhs 
per  year  of  electric  energy.  The  escalation  in  kWh  use  is  expected  to  be 
moderate.  2%  per  year  was  assumed  in  the  near-term,  providing  about  320 
million  kWhs  in  1990.  A  2%  escalation  rate  was  assumed  for  the  long-term 
as  well. 
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The  current  electric  energy  (kWh)  rate  is  3.7d/kWh  in  the  near-term 
(1985-1990).  A  5%  escalation  rate  was  assumed  for  all  scenarios.  This 
would  provide  a  rate  of  approximately  4.7d/kWh  in  1990.  In  the  base 
scenario,  a  5%  escalation  rate  was  assumed  for  the  long  term.  For  the 
second  and  third  scenarios,  a  10%  long-term  escalation  rate  was  assumed. 
(See  Table  1-2  for  a  summary  of  assumptions  made  for  each  scenario.) 

The  current  annual  electric  energy  cost  is  about  $10.7  million.  Under 
the  above  assumptions,  it  would  increase  to  $15.1  million  in  1990.  The 
long-term  projection  of  electric  energy  costs  depends  on  escalation  rates 
that  vary  between  5%  and  10%  per  year. 

Electric  Demand.  Currently,  Fort  Hood  has  a  peak  electric  demand  of 
about  68  MW.  It  was  assumed  this  would  increase  at  a  moderate  rate  of  2% 
per  year,  both  in  the  near-term  and  long-term. 

The  current  demand  charge  is  approximately  $4.2/kW/month.  In  the 
near-term  in  all  scenarios,  it  was  assumed  this  would  increase  at  5%  per 
year,  giving  a  demand  charge  of  $5.4/kW/month  in  1990.  The  long-term 
escalation  rates  varied  by  scenario. 

Currently,  the  annual  electric  demand  cost  is  about  $3.5  million.  Under 
the  assumotions  used  above,  this  would  increase  to  $4.9  million  by  1990. 
In  the  long-term,  a  range  of  escalation  rates  from  5%-l0%  were  used. 

The  total  electric  power  costs,  then,  are  currently  $1.4  million,  likely 
to  increase  to  $2.0  million  by  1990. 

Natural  Gas.  Currently,  about  1650  million  cubic  feet  of  natural  gas  are 
consumed  annually  by  Fort  Hood.  Assuming  this  usage  increases  by  2%  per 
year,  an  assumption  consistent  with  the  total  energy  use  projections  made 
for  the  site,  the  natural  gas  required  would  increase  to  over  1830  cubic 
feet  by  1990,  with  a  long-term  escalation  of  2%  per  year. 
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The  current  cost  of  natural  gas  is  about  $4.2  per  mcf  (40 1  per  therm). 
Under  the  first  (base)  scenario  analysis,  it  was  assumed  this  price  would 
stay  flat  through  1990,  then  increase  in  the  long-term  at  5%  per  year. 
While  even  near  term  decreases  in  natural  gas  (and  oil)  costs  could 
occur,  given  the  current  softness  of  those  prices,  the  first  scenario 
provides  a  reasonably  low  level  of  natural  gas  prices  over  the  20-year 
time  frame,  1990-2009. 

Tne  current  annual  gas  cost  of  $6.9  million  would  increase  to  about  $7.6 
million  by  1990  under  the  base  scenario  assumption. 

Operating  and  Maintenance  Costs.  Incomplete  information  was  available  on 
the  amount  of  energy-related  O&M  costs  for  Fort  Hood.  Based  on  the 
experience  of  the  team  and  on  data  available  from  other  Army  sites,  a 
current  O&M  cost  of  $1  million  per  year  was  assumed.  This  was  assumed  to 
increase  at  5%  per  year  (inflation)  to  $1.3  million  per  year  by  1990,  and 
to  increase  by  5%  per  year  thereafter  (under  the  first  scenario). 

Total  Site  Energy  Costs.  The  total  annual  energy-related  costs  for  Fort 
Hood  are  currently  about  $22  million.  Under  the  first  scenario,  these 
costs  would  increase  to  $29  million  in  1990,  and  would  increase  to  over 
$50  million  per  year  in  1999.  The  total  cost  for  the  ten  years, 
1990-2009,  would  aDproximate  $400  million. 

Exhibit  14  shows  the  projected  near-term  energy  use,  rate,  and  total 
cost,  and  the  escalation  rates  assumed  for  the  long-term  under  the  first 
(base)  scenario. 

2. 4. 1.2  Cost/Benefits  With  the  GFC 

The  cost  savings  to  Fort  Hood  can  occur  through  one  or  more  of  the 
following:  electric  energy  savings,  electric  demand  savings,  site  boiler 
fuel  savings,  and  O&M.  The  electric  power  savings  would  occur  if  the  GFC 
plant  sells  power  at  a  lower  cost  than  the  site  would  otherwise  purchase 
that  power  from  the  electric  utility. 


8030A 


59 


TABLE  2.4-1 


SUMMARY  -  SITE  ENERGY  USE/UNIT  PRICE  PROJECTIONS  - 
—  Scenario  1  (3ase)  Fort  Hood,  Texas 

I 


1990-2009 

Escalation 


Energy  Parameter 

1984 

1985 

1986 

1987 

1988 

1989 

Rate 

Electric  Power 

Energy  (Mil  kWhs) 

284 

290 

295 

301 

307 

314 

320 

2% 

Rate  ( ef/kWh ) 

3.5 

3.7 

3.9 

4.1 

4.3 

4.5 

4.7 

5% 

Oemand  (MW) 

66 

68 

69 

71 

72 

73 

75 

2% 

Rate  ($/kW/Mo) 

4.0 

4.2 

4.5 

4.7 

4.9 

5.2 

5.4 

5% 

Overall  Rate  ($/kW) 

4.7 

4.9 

5.2 

5.4 

5.7 

6.0 

6.3 

Fuels 

Natural  Gas  (Mil  Mcf) 

1620 

1652 

1685 

1719 

1753 

1788 

1824 

2% 

Price  ($/Mcf) 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

5% 

Fuel  Oil  (Mil  gal.) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

(Price  ($/Gal.) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Coal  (000  Tons) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Price  ($/Ton) 

O&M  Cost  ($  Mil) 

1.0 

1.0 

1.1 

1.2 

1.2 

1.3 

1.3 

5% 

Total  Energy- 
Related  Costs 

21.0 

22.1 

23.3 

24.6 

26.0 

27.4 

28.9 

($  Million) 
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The  site  fuel  savings  would  occur  if  the  GFC  plant  sold  the  site  steam  at 
a  price  lower  than  it  would  otherwise  cost  the  site  to  produce  it. 

The  site  would  have  O&M  savings  if  it  did  not  spend  as  much  operating  or 
maintenance  time  on  its  on-site  boiler,  steam,  and  electrical  systems  as 
it  would  without  the  GFC  plant.  Typically,  the  O&M  savings  occur  more 
through  reduced  boiler  and  steam  system  activity,  since  there  is  little 
on-site  electric  power  system  maintenance  required.  Further,  under  the 
GFC  plant  concept,  the  O&M  savings  can  be  more  than  just  the  reduced 
labor  and  materials  cost  for  on-site  boiler  and  steam  systems 
maintenance.  The  GFC  plant  operators  could  well  operate  the  entire 
on-site  energy  plant.  In  fact,  it  is  preferable  to  do  this,  since  any 
integrated  energy  plant  decisions  and  interface  maintenance  requirements 
can  be  better  coordinated.  In  effect,  the  site  energy  plant  employees 
could  become  employees  of  the  GFC  plant. 

Site  energy  cost  savings  can  result  from  different  combinations  of  lower 
electric  power  and/or  steam  prices.  For  this  study,  the  site  savings  to 
Fort  Hood  were  primarily  the  result  of  the  difference  in  cost  between 
steam  purchased  from  the  GFC  and  the  fuel  and  associated  O&M  costs  to 
generate  the  same  amount  of  steam  in  the  existing  gas  fired  boilers. 

There  is  an  additional  advantage  to  the  GFC  plant  from  a  savings  approach 
that  focuses  on  steam,  and  naot  electric  power.  If  the  local  electric 
utility  can  pay  more  for  the  power,  depending  upon  its  rate  structure  and 
marginal  costs  of  capacity,  the  GFC  plant  would  derive  more  value  from 
its  power  output  than  it  would  if  it  simply  displaced  the  electric  power 
costs  for  the  site.  However,  this  was  not  the  case  for  Fort  Hood. 

Fort  Hood  currently  consumes  1.2  billion  pounds  of  steam  per  year.  At  an 
assumed  2%  growth  rate,  this  amount  would  increase  to  over  1.3  billion 
pounds  per  year  by  1990.  For  the  Fort  Hood  GFC  feasibility  design,  the 
GFC  plant  steam  output  is  144  million  pounds  per  year  (see  CLIN  000303). 
The  assumed  GFC  purchase  price  by  Fort  Hood  for  this  steam  (in  1985 
dollars)  is  $4  per  thousand  pounds,  less  than  it  costs  using  the  on-site 
boilers.  At  an  assumed  5%  annual  escalation  rate,  this  price  would  be 
$5.10  Der  thousand  pounds  in  1990,  the  first  year  of  GFC  plant  operation. 
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Under  the  base  scenario,  this  price  was  assumed  to  escalate  at  5%  per 
year  in  the  long-term  as  well. 

With  a  partial  steam  purchase  from  the  GFC,  Fort  Hood's  direct  cost  of 
purchased  fuels  in  1990  would  be  reduced  slightly,  by  about  $100,000,  and 
the  electric  power  cost  would  be  reduced  $200,000  through  the  use  of 
steam  in  an  absorption  chiller.  The  1990  O&M  could  be  reduced  by 
$500,000. 

The  total  savings  in  1990  under  these  assumptions  is  estimated  at 
$800,000.  It  is  likely  to  increase,  assuming  a  5%  electric  power  and 
fossil  fuel  escalation  rate  (first  scenario),  to  over  $1.3  million  per 
year  by  1999,  the  tenth  year  of  GFC  plant  operation.  The  cumulative 
savings  over  the  first  ten  years  of  GFC  plant  operation  (the  1990s)  would 
approximate  $10  million. 

These  savings  are  likely  the  minimum  that  would  be  achieved,  since  the 
first  scenario  is  likely  to  produce  lower  energy  costs  without  the  GFC 
plant  than  most  experts  think  will  occur  through  the  year  2000.  The 
estimate  of  site  cost  savings  under  higher  escalation  rates  (scenarios  2 
and  3)  would  be  $12-$16  million  for  the  ten-year  period.  Table  2.4-2  is 
a  summary  of  the  projected  site  energy  use,  costs,  and  savings  with  the 
GFC  plant  which  also  shows  the  total  site  energy  costs  without  the  GFC. 
However,  the  GFC  savings  accrue  only  to  the  fuels  and  O&M  costs  for  the 
site.  Accordingly,  a  GFC  energy  cost  comparison  is  shown  next  on  the 
exhibit.  For  1990,  the  cost  of  the  GFC  electric  power  and  thermal  energy 
purchased,  combined  with  the  O&M  savings  that  would  likely  occur  is  $5.7 
million,  whereas  the  cost  of  these  fuels  and  O&M  costs  without  the  GFC  is 
estimated  at  $6.5  million.  Finally,  the  exhibit  shows  the  estimated 
GFC-related  cost  savings  for  the  second  and  third  scenarios  analyzed. 
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TABLE  2.4-2 


SUMMARY  -  PROJECTED  SITE  ENERGY  USE. 

COSTS  AND  SAVINGS  WITH 

GFC  PLANT 

($  Million)  Fort 

Hood,  Texas 

Current  Projected 

10-Yr  Total 

SCENARIO  1  (Base)*  1985 

1990 

1995 

(1990-1999) 

Total  Site  Energy  Use 

Electric  (million  kWh)  290 

320 

353 

3502 

Thermal  (billion  Btu)  1276 

1409 

1556 

15427 

Total  Energy  Cost 

Cost  without  GFC 

28.9 

40.6 

400 

Cost  with  GFC 

28.1 

39.6 

390 

GFC  Energy  Cost  Comparison 

Cost  of  Energy  From  GFC 

5.7 

7.0 

74.0 

Cost  of  Same  Energy  and  0&M 

Without  GFC 

6.5 

8.1 

84.4 

Cost  Savings  with  GFC 

.8 

10.4 

SCENARIO  2:  **Cost  Savings  with  GFC 

.8 

1.3 

12.4 

SCENARIO  3:  ***Cost  Savings  with  GFC 

1.0 

1.6 

16.0 

*  Flat  near-term  fossil  fuel  prices.  5%  long-term  escalation. 

**  Flat  near-term  fossil  fuel  prices.  10%  long-term  escalation. 

***  Fossil  fuel  prices  5%/year  near  term,  10%/year  long  term. 
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2.4.2  Economics 


The  GFC  plant  economic  attractiveness  must  be  measured  by  the  financial 
return  on  the  investment  provided.  Whether  one  uses  return  on  total 
private  investment  (ROI)  or  payback,  both  are  affected  by  the  investment 
and  cash  savings  (after  tax)  that  it  can  generate.  Therefore  this 
section  covers  the  estimated  GFC  capital  cost,  GFC  O&M  costs,  GFC  energy 
output  characteristics  and  key  assumptions,  and  the  GFC  plant  return  on 
investment  (ROI)  results. 

2. 4. 2.1  Capital  Cost 

Under  the  commercialization  cost  sharing  concept  of  the  program,  the 
government  would  fund  70*  of  the  normal  capital  cost  for  the  GFC  plant, 
and  the  private  third-party  owner  the  remaining  30%.  Further,  the 
private  contribution  would  be  the  last  30%  required.  Under  this 
arrangement,  the  government  capital  contribution  would  be  $35.7  million 
and  the  private  contribution  $15.3  million.  However,  because  the  GFC 
economics  do  not  provide  for  a  privately  financable  plant,  development  of 
a  GFC  plant  at  Fort  Hood  is  not  recommended  and  no  governmental  funding 
is  warranted. 

To  appreciate  the  basic  economic  analysis,  a  description  of  the  total 
capital  requirements  is  provided.  The  estimated  GFC  plant  construction 
and  preproduction  costs  (1985  dollars)  are  $40.7  million.  Assuming  a  5% 
construction  cost  escalation  until  equipment  is  delivered  and 
construction  is  completed  at  various  stages,  these  costs  escalate  to  a 
total  of  $47.6  million  installed  by  the  end  of  1989.  The  construction 
costs  timing  pattern  for  these  is  roughly  a  20-40-40%  allocation  for  the 
three  construction  years,  1987-1989. 

In  addition  to  the  hard  construction  costs,  there  are  other  capital 
requirements  for  any  project  to  begin  operation,  specifically 
construction  interest,  working  capital,  and  development,  financing, 
legal,  and  other  costs.  The  construction  interest  is  assumed  to  be  zero, 
for  two  reasons.  First,  the  basic  economic  measure  is  return  on  total 
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private  investment,  with  no  private  debt,  hence  no  interest  costs. 
Second,  even  with  a  financing  structure  that  assumes  debt,  since  the  last 
capital  contribution  is  the  private  contribution,  the  amount  of  interest 
during  the  last  few  months  of  construction  is  small  compared  to  the  total 
capital  costs,  perhaps  a  few  hundred  thousand  dollars.  However,  because 
of  final  performance  testing  and  construction  certification  holdback 
amounts,  it  may  be  that  the  private  contribution  would  occur  virtually  at 
plant  startup,  with  no  attendent  construction  period  interest. 

Working  capital  is  required  for  the  delay  in  payment  of  invoices  (i.e., 
accounts  receivable),  fuel  inventory  needed,  initial  catalyst  and 
chemicals,  and  other  initial  inventory.  The  estimated  capital 
requirements  at  startup  for  the  Scranton  AAP  site  for  these  items  is  $1.6 
million. 

Finally,  for  any  privately  financed  entity,  there  are  private 
development,  financing,  legal,  and  other  costs  associated  with  that 
activity.  These  costs  are  estimated  at  $1.8  million  (fixed)  for  the 
project.  These  include: 

o  Financing  fees  of  $1.2  million,  or  8*  of  the  private  capital 
requirement . 

o  Third  party  development  fee  of  $300,000,  or  2%  of  the  private 
capital. 

o  Legal  and  other  expenses  of  $300,000,  or  2%  of  the  private 
development  capital . 

The  total  capital  requirements,  as  installed,  for  the  Fort  Hood  project, 
then,  are  $51.0  million.  Table  2.4-3  shows  the  timing  of  these  capital 
requirements. 


8030A 


65 


TABLE  2.4-3 


SUMMARY  -  GFC  PLANT  CAPITAL  REQUIREMENTS  ($  Million) 


TOTAL  CAPITAL  9.1  18.8  23.1  51.0 

REQUIREMENTS 

Mix  of  Capital 
Contributions: 

Private  Capital  Not  Applicable.  GFC  plant 

not  recommended  on  economic 
grounds. 

Government  Capital 


*  Private  capital  would  be  legally  commited  at  the  beginning  of 
constrction,  but  would  be  contritubed  as  the  last  funding  increment. 
Therefore,  construction  interest  on  any  private  debt  used  is  assumed  to 
be  zero. 
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2. 4. 2. 2  Plant  Energy  Production 

The  margin  provided  by  the  output  revenues  and  the  basic  operating  cost 
determines  the  return  on  the  private  capital  required.  For  the  Fort  Hood 
site,  the  GFC  plant  outputs  are  electric  power  and  steam.  Any  tars  and 
oils  or  other  intermediate  outputs  of  the  plant  are  reused  in  the  process 
as  an  auxiliary  fuel,  or  assumed  to  be  unusable  and  a  waste  product. 

The  electric  power  revenues  from  the  GFC  plant  are  based  on  its  rate  of 
power  output,  number  of  operating  hours  per  year,  and  the  price  received 
for  the  power  sold.  In  this  case,  the  entire  electric  power  output  is 
assumed  sold  to  Fort  Hood  at  its  cost  of  displaced  power  —  6.2 1  kWh  in 
1990,  escalating  at  5  percent/year  to  8.0d/kWh  in  1995.  In  the  analysis, 
the  long-term  escalation  rate  was  assumed  at  5  percent  or  10  percent  per 
year,  depending  on  the  scenario  analyzed. 

The  GFC  electric  energy  sold  to  Fort  Hood  is  estimated  at  79  million 
kilowatt  hours  per  year  in  the  first  five  years  of  operation,  increasing 
to  approximately  84  million  kilowatt  hours  thereafter.  Tne  assumption 
behind  this  increase  is  that,  with  operating  experience,  the  plant 
availability  should  increase  after  some  period  of  operation. 

The  total  electric  revenues  to  the  GFC  plant  corresponding  to  this  output 
are  $4.9  million  in  1990,  increasing  to  $6.7  million  in  1995  in 
accordance  with  the  increased  kWh  output  and  the  increased  rates.  The 
ten-year  revenues  for  the  plant  are  estimated  at  $64  million. 

The  remaining  revenues  for  the  plant  are  steam  revenues.  The  annual 
amount  of  steam  sold  upon  startup  of  the  GFC  plant  is  20300  thousand 
pounds  per  hour  and  144  million  pounds  per  year,  increasing  to  154 
million  pounds  per  year  in  1995  and  after.  In  accordance  with  the 
$5.10/000  lb  steam  price  assumption  and  discussed  earlier,  the  expected 
annual  revenues  in  1990  are  $700,000-800,000,  increasing  to  $1  million  in 
1995.  The  ten  year  stream  of  steam  revenues  is  estimated  at  $9.6  million. 
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Table  2.4-4  shows  the  key  electric  power  and  other  output  assumptions  for 
the  GFC  plant  for  the  first  and  sixth  years  of  operation,  and 
cumulatively  for  the  first  ten  years  of  operation. 
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Table  2.4-4 


SUMMARY-GFC  PLANT  ECONOMIC  OUTPUTS 


Economic  Parameter 
Electric  Power  Output 
Net  Power  Output  (MW) 

Operating  Hours  per  year 
Energy  Sold  to  Site  (Mil  kWh) 
Price  (tf/kWh) 

Energy  Sold  To  Utility  (Mil  kWhs) 
Price  (ef/kWh) 

Steam  OutDut  (at  240  psig) 

Output  Rate  (1000  Lbs/hr) 

Sold  to  Site  (Mil  Lbs) 

Price  (S/1000  Lbs) 

Other  Output 

Tars/Oils  Sold  (Bil  Btu) 

Price  ($/Mil  Btu) 


First  Sixth  First  10  Years 
Year  Year  Operation 

(1990)  (1995)  (1990-1999) 


11.1 

11.1 

7096 

7596 

78.8 

84.3 

185 

6.2 

8.0 

0 

0 

0 

NA 

NA 

20300 

20300 

144 

144 

1490 

5.10 

6.50 

NA 

NA 

NA 
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Both  the  O&M  and  the  fuel  operating  costs  are  significant.  The  $2 
million  1985  O&M  cost  estimate  was  explained  in  Paragraph  2.1.2.  With 
5  percent  escalation,  the  1990  O&M  cost  would  be  $2.1  million.  In  1995 
(sixth  operating  year),  the  fuel  cell  reload  costs  start,  adding 
($600,000  per  year  for  a  total  1995  O&M  of  $3.9  million.  In  addition  to 
the  technical  O&M,  there  are  other  possible  annual  operating  costs  that 
must  be  considered,  mainly  taxes  and  insurance.  The  amount  estimated  for 
these  two  costs  in  1990  is  $260,000,  assumed  to  escalate  at  5  percent 
year  long-term. 

Using  a  lignite  coal  price  to  $35  per  ton  (under  the  first  scenario 
analysis,  fossil  fuel  prices  were  assumed  flat  for  year  years),  the  1990 
coal  cost  for  the  GFC  plant  is  estimated  at  $3.0  million.  With  a 
5  percent  escalation,  and  an  increase  in  Diant  operating  hours  starting 
in  the  sixth  year,  the  estimated  cost  in  1995  is  $3.8  million. 

While  the  hasic  economic  analysis  did  not  focus  on  financing  and 
ownership  structures,  it  had  to  incorporate  some  fundamental  tax 
assumptions  in  order  to  derive  an  after-tax  cash  flow  return  on  the  total 
investment.  While  there  is  currently  a  substantial  focus  on  potential 
new  tax  legislation,  in  the  absence  of  any  new  proposals,  the  current  tax 
laws  were  assumed.*  Therefore,  the  tax  assumptions  made  were: 

o  10  percent  investment  tax  credit. 

o  5-year  straight  line  depreciation. 

o  50  percent  combined  federal  and  state  marginal  annual  income 
tax  rate. 


*  With  regard  to  tax  factors  affecting  the  GFC  plant  economics,  the 
overall  thrust  of  the  current  tax  proposals  is  to  eliminate  or  reduce 
the  investment  tax  credit  and  stretch  out  the  depreciation,  both 
measures  that  would  lower  the  ROI.  The  proposals  would  also  reduce  the 
marginal  annual  income  tax  rate,  a  measure  that  would  increase  the  ROI 
in  the  long-term. 
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o  As  a  sensitivity  analysis,  the  impact  of  the  annual  income 
tax  credit  (through  (1999)  for  nonconventional  sources  of 
gas  was  evaluated.  Currently,  this  tax  credit  is 

approximately  70d  per  million  Btus  of  synthetic  gas  produced. 

2. 4. 2. 3  Return  on  Investment 

for  the  basic  economic  analysis,  return  on  total  investment  (ROI)  was 

used  as  the  measure  of  the  GFC  plant  financial  performance.  With  this 

measure,  no  private  debt  is  assumed  —  i.e.,  the  entire  private 

investment  is  treated  as  equity. 

The  ROI  results  of  the  analysis  are  not  to  be  considered  as  final 

investment-decision  results.  Rather,  they  are  an  indicator  of  the 
potential  economic  attractiveness  of  the  GFC  plant.  The  ROI  result  is 
one  measure  to  be  used  by  the  Department  of  the  Army  to  decide  which 
sites  warrant  further  expenditures  for  preliminary  design  and  more 
refined  economic/financing  analysis.  Other  measures  of  importance  to  be 
used  by  the  Army  will  be: 

o  Benefit  from  using  coal  to  replace  oil  and  gas  use. 

o  Increased  site  power  supply  reliability. 

o  Reduced  requirements  for  other  site  plant  capital 

expenditures. 

o  The  value  of  a  maximum  price  guarantee  to  be  provided  by  the 
GFC  plant  that  would  not  be  available  from  existing 
electricity  and  fuel  suppliers. 

Further,  the  technical  design  and  economics  of  the  plat  were  not 
optimized  in  this  feasibility  study.  The  purpose  of  the  next  stage  — 
preliminary  design  and  testing  —  is  to  identify  improvements  in  the 
capital  cost.  Also,  the  private  cost-sharing  component,  which  is  a 
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significant  strength  of  the  GFC  concept,  has  been  roughly  set  at 
30  percent,  based  on  an  expected  production  volume  capital  cost  for  the 
GFC  plant  at  30  percent  of  the  prototype  cost.  This  number,  coupled  with 
revised  capital  cost  estimates,  could  change  somewhat.  Therefore,  the 
minimum  economic  performance  required  from  the  analysis  to  warrant 
further  work  should  not  be  as  high  as  the  final  ROI  and  other  financial 
requirements  that  would  be  desired  by  investors  in  any  final  design  plant. 

Therefore,  a  feasibility  ROI  criterion  of  10  percent,  without  the  annual 
syngas  income  tax  credit  (which  makes  the  ROI  higher) ,  was  used  to  test 
each  of  the  sites  for  economic  feasibility.  While  the  syngas  tax  credit 
has  been  in  effect  for  several  years,  and  should  not  be  ignored,  it 
distorts  the  ROI  such  that  general  comparisons  with  other  ROIs  are  harder 
to  make.  The  10  percent  ROI  criterion  roughly  translates  into  a  25 
percent  or  higher  return  on  equity  (ROE),  assuming  a  2/1  private 
debt/equity  ratio. 

As  shown  in  Table  2.4-5,  the  total  potential  GFC  plant  revenues  for  Fort 
Hood  in  1990  are  estimated  at  $5.7  million,  and  total  costs  at 
$5.8  million,  resulting  in  a  breakdown  cash  flow.  This  operating  cash 
margin  is  slightly  negative  over  the  operating  life  of  the  GFC  plant. 

For  the  ROI  analysis,  there  is  no  debt  service  requirement.  Therefore, 
only  a  tax  saving  or  payment  needs  to  be  applied  to  the  operating  cash 
flow  to  obtain  the  after-tax  net  cash  flow. 

During  the  first  five  years  of  plant  life,  the  allowed  depreciation 
results  in  a  tax  savings.  Therefore,  the  net  cash  flow  in  1990  would  be 
$1.3  million.  However,  starting  in  1995,  a  tax  product  of  50  percent  of 
the  operating  cash  flow  occurs  and  the  subsequent  net  cash  flows  are 
slightly  negative.*  The  estimated  10-year  cash  flow  is  5-6  million 

*  The  annual  income  tax  credit  for  noncenvential  sources  of  gas  (called 
the  syngas  tax  credit),  which  is  in  effect  through  1999,  has  not  been 
included  in  the  tax  calculation  so  that  the  resulting  ROI  can  be 
compared  to  other  ROIs  reflecting  conventional  tax  assumptions. 
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Table  2.A-5 


GFC  PLANT  ECONOMICS 

SUMMARY 

Economic  Variable 

1990 

1995 

10-Year  Total 
(1990-1999)  • 

Base  Scenario 

Electric 

A. 9 

6.7 

6A.A 

Other 

_ ._8 

1.0 

9.6 

Subtotal 

5.7 

7.7 

7A.0 

Cost 

Fuel 

3.0 

3.8 

37.3 

O&M  4  Other 

2.8 

A. 2 

38.7 

Subtotal 

5.8 

8.0 

76.0 

Operating  Cash  Flow 

-.1 

-.3 

-2.0 

Tax  Saving  (Payment) 

1 .  A 

.1 

7.8 

Net  Cash  Flow 

1.3 

-.2 

5.6 

ROI 

Negataive 

Scenario  3 

Net  Cash  Flow 

.9 

-.3 

A. A 

ROI 

Negative 

8030A 


73 


2.4.3  Conclusions 


The  analysis  of  the  Fort  Hood  site  led  to  the  following  conclusion: 

1.  For  a  set  of  energy  prices  that  provides  Fort  Hood  any 
significant  cost  savings,  the  GFC  plant  after-tax  return  on 
total  investment  is  unacceptable.  Therefore  an  economically 
viable  application  for  the  GFC  plant  does  not  exist. 


2.5 


WASHINGTON,  DC  SITE 


The  Georgetown  University  site  was  described  in  previous  (CLIN)  0002  and 
CLIN  0003).  To  verify  the  economic  feasibility  of  the  GFC  plant,  the 
costs  and  benefits  must  be  evaluated  for  both  the  site  and  the  GFC  plant 
third  party  owner.  Therefore,  this  chapter  contains  the  following 
sections: 

1.  Site  costs/benefits. 

2.  GFC  plant  economics. 

3.  Conclusions. 


2.5.1  Site  Costs/Benefits 

The  benefits  to  Georgetown  University  (GU)  can  accrue  through  savings  in 
electric  power  use,  fuel  use,  and  operating  and  maintenance  (O&M)  costs. 
Each  of  these  is  analyzed  in  the  two  sections  below. 


2.5. 1.1 


Use  and  Costs  Without  the  GFC 


To  serve  as  a  base  of  comparison  in  the  analysis  of  GFC  benefits  to  the 
site,  25-year  projections  were  made  of  energy  use  and  costs  without  the 
GFC  for  the  years  1990-2009.  The  cost  factors  were  projected  as  follows: 


Electric  Energy.  Currently,  GU  consumes  about  75  million  kWhs  per  year 
of  electric  energy.  Based  on  GU's  5-year  plan,  the  kWh  use  is  expected 
to  increase  steadily,  reaching  120  million  kWhs  by  1990.  A  3%  escalation 
rate  was  assumed  for  the  long-term. 


The  cjrrent  average  electric  energy  (kWh)  rate  is  3.8d/kWh.  While 
scenarios  were  evaluated  with  alternative  energy  price  escalation  rates, 
in  the  near-term  (1985-1990),  a  5*  annual  escalation  rate  was  assumed  for 
all  scenarios  providing  a  rate  of  approximately  4.8d/kWh  in  1990.  In  the 
base  scenario,  a  5%  escalation  rate  was  assumed  for  the  long  term,  ^or 
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the  second  and  third  scenarios,  a  10*  long-term  escalation  rate  was 
assumed.  (See  Table  1-2  for  the  complete  set  of  assumptions  made  for 
each  scenario.) 
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The  current  annual  electric  energy  cost  is  about  $2.5  million.  Under  the 
above  assumptions,  it  would  increase  to  $5.3  million  in  1990.  The  long¬ 
term  projection  of  electric  energy  costs  depends  on  escalation  rates  that 
vary  between  5*  and  10ft  per  year. 

Electric  Demand.  Currently,  GU  has  a  peak  electric  demand  of  about  11.9 
MW.  Based  on  the  5-year  plan,  it  was  assumed  this  would  increase  to 
about  16  MW  by  1990,  escalating  at  5%  thereafter  (Scenario  1). 

There  are  two  demand  charges  —  a  ratcheted  12-month  distribution  charge 
and  a  monthly  summer  charge.  These  are  currently  $6/kW/mo  and  $9.7/kW/mo 
respectively.  In  the  near-term  in  all  scenarios,  it  was  assumed  this 
would  increase  at  5*  per  year.  The  long-term  escalation  rates  varied  by 
scenario. 

Currently,  the  total  electric  demand  cost  is  about  $1.2  million 
annually.  Under  the  assumptions  used  above,  this  would  increase  to  $2.1 
million  by  1990.  In  the  long-term,  a  range  of  escalation  rates  from 
5%-10*  were  used. 

The  total  electric  power  costs,  then,  are  currently  $3.6  million,  likely 
to  increase  to  $7.5  million  by  1990. 

Coal.  GU  has  a  fluidized  bed  coal  boiler  and  a  recently  completed 
cogeneration  plant.  Its  intended  output  is  9.6  million  kWh  and  600 
million  pounds  of  steam  per  year.  This  would  require  an  annual  coal 
supply  of  almost  35,000  tons  of  bituminous  coal.  This  cogeneration  plant 
would  have  a  steady  output,  and  thus  a  steady  coal  requirement. 

The  current  cost  of  the  coal  is  $51  per  ton.  In  addition,  for  each  ton 
of  coal,  a  limestone  supply  cost  of  $9.30  and  an  ash  removal  cost  of 
$2.45  are  required,  bringing  the  total  fuel-related  cost  for  the  plant  to 
approximately  $63  per  ton.  Under  the  first  scenario,  it  was  assumed  this 
cost  will  stay  constant  through  1990,  increasing  at  5*  thereafter.  Thus, 
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the  total  annual  coal  cost  under  this  scenario  in  1985  and  1990  is  $2.2 
million.  The  largest  increase  in  cost  occurs  under  the  third  scenario, 
where  a  5%  near-term  escalation  rate  and  a  10%  long-term  annual 
escalation  rate  were  assumed. 

Natural  Gas.  Prior  to  1985  only  a  limited  amount  of  natural  gas  was 
used.  However,  under  very  competitive  prices  offered  by  the  natural  gas 
company,  GU  has  contracted  for  a  substantial  amount  of  natural  gas  in 
1985-1986,  as  much  as  400  million  cubic  feet.  This  supply  arrangement  is 
a  year-to-year  arrangement.  Given  the  likely  continued  competitiveness 
of  natural  gas  with  fuel  oil,  it  was  assumed  for  long-term  analysis  that 
a  fixed  annual  amount  of  155  million  cubic  feet  per  year  would  be 
contracted  for,  with  the  marginal  fuel  requirements  served  by  No.  6  fuel 
oil. 

The  current  price  paid  for  natural  gas  is  $4.12  per  thousand  cubic  feet 
(about  40d  per  therm).  Under  the  first  scenario  this  price  is  assumed 
flat  through  1990,  then  escalates  at  5%  per  year.  Thus,  in  1990  the 

annual  natural  gas  cost  would  be  between  $600,000  and  $700,000. 

Fuel  Oil.  Compared  with  the  early  1980s,  very  little  fuel  oil  is 

currently  used.  However,  fuel  oil  will  be  the  marginal  fuel  over  the 
foreseeable  future,  and  by  1990  approximately  650,000  gallons  per  year 
could  be  required. 

The  No.  6  fuel  oil  price  is  currently  63d  per  gallon  ($4.20  per  million 
Btu).  As  such,  the  Drice  is  roughly  equal  to  the  natural  gas  price  per 
million  Btu.  The  expected  cost  of  fuel  oil  in  1990  would  aporoximate 

$400,000. 

Since  the  amount  of  coal  consumed  will  be  fixed,  and  the  price  per 

million  Btu  of  natural  gas  and  fuel  oil  is  approximately  the  same,  a 
different  mix  of  natural  gas  versts  fuel  oil  use  would  not  significantly 
change  the  results  of  the  energy  cost  analysis. 

Operating  and  Maintenance  Costs.  Currently,  GU  spends  $1.9  million  for 
its  energy-related  O&M.  Under  the  5-year  plan,  this  is  expected  to  grow 
to  about  $2.5  million  in  1990.  It  was  assumed  that  O&M  will  escalate  at 
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5%  annual  thereafter.  A  higher  long  term  escalation  rate  was  analyzed  in 
Scenarios  2  and  3. 

Total  Site  Energy  Costs.  The  total  annual  energy  related  costs  for  GU 
are  almost  $8  million.  Under  the  first  scenario,  these  costs  would 
increase  to  $13.2  million  in  1990,  and  would  increase  to  over  $25  million 
oer  year  by  1999.  The  total  cost  for  the  ten  years,  1990-2009,  would 
approximate  $190  million. 

Table  2.5-1  shows  the  projected  near  term  energy  use,  rate,  and  total 
cost,  and  the  escalation  rates  assumed  for  the  long-term  under  the  first 
(base)  scenario. 

2. 5. 1.2  Costs/Benefits  With  the  GFC 


The  cost  savings  to  GU  can  occur  through  one  or  more  of  the  following: 
electric  energy  savings,  electric  demand  savings,  site  boiler  fuel 
savings,  and  O&M.  The  electric  power  savings  would  occur  if  the  GFC 
Diant  sells  power  at  a  lower  cost  than  the  site  would  otherwise  purchase 
that  power  from  the  electric  utility.  The  site  fuel  savings  would  occur 
if  the  GFC  plant  sold  the  site  steam  at  a  price  lower  than  it  would 
otherwise  cost  the  site  to  produce  it. 

The  site  would  have  O&M  savings  if  it  did  not  spend  as  much  operating  or 
maintenance  time  on  its  on-site  boiler,  steam,  and  electrical  systems  as 
it  would  without  the  GFC  plant.  Typically,  the  O&M  savings  occur  more 
through  reduced  boiler  and  steam  system  activity,  since  there  is  little 
on-site  electric  power  system  maintenance  required.  Further,  under  the 
GFC  plant  concept,  the  O&M  savings  can  be  more  than  just  the  reduced 
labor  and  materials  cost  tor  on-site  boiler  and  steam  systems 
maintenance.  The  Gf'C  plant  operators  could  well  operate  the  entire 
on-site  energy  plant.  In  fact,  it  is  preferable  to  do  this,  since  any 
integrated  energy  plant  decisions  and  interface  maintenance  requirements 
can  be  better  coordinated.  In  effect,  the  site  energy  plant  employees 
could  oecome  employees  of  the  GFC  plant. 
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Site  energy  cost  savings  can  result  from  different  combinations  of  lower 
electric  power  and/or  steam  prices.  For  this  study,  the  site  savings 
were  primarily  the  result  of  the  different  in  cost  between  steam  purchased 
from  GFC  and  the  fuel  and  associated  O&M  costs  to  generate  the  same 
amount  of  steam  in  the  existing  boilers. 

There  is  an  additional  advantage  to  the  GFC  plant  from  a  savings  approach 
that  focuses  on  steam,  and  not  electric  power.  If  the  local  electric 
utility  can  pay  more  for  the  power,  depending  upon  its  rate  structure  and 
marginal  costs  of  capacity,  the  GFC  plant  would  derive  more  value  from 
its  power  output  than  it  would  if  it  simply  displaced  the  electric  power 
costs  for  the  site.  However,  this  was  not  the  case  for  the  GU  site 
feasibility  analysis.  Therefore,  it  was  assumed  the  GFC  plant  would 
displace  GU's  purchased  power  at  the  same  price. 

GU  currently  consumes  about  600  million  pounds  of  steam  per  year.  At  an 
assumed  5%  growth  rate,  this  amount  would  increase  to  approximately  770 
million  pounds  per  year  by  1990.  For  the  GU  GFC  feasibility  design,  the 
GFC  plant  steam  output  is  small,  about  14.2  million  pounds  per  year  (see 
CLIN  3).  The  assumed  purchase  price  by  GU  for  this  steam  (in  1985 
dollars)  is  $4  per  thousand  pounds,  less  than  it  costs  using  the  on-site 
boilers.  At  an  assumed  5%  annual  escalation  rate,  this  price  would  be 
$5.10  per  thousand  pounds  in  1990,  the  first  year  of  GFC  plant 
operation.  Under  the  base  scenario,  this  price  was  assumed  to  escalate 
at  5%  per  year  in  the  long-term  as  well. 

Given  the  small  amount  of  steam  purchased  from  the  GFC  plant,  the  $3.2 
million  cost  for  purchased  fuels  in  1990  would  be  reduced  less  than 
$100,000.  But  the  reduction  in  O&M  could  be  more  significant  through 
absorption  of  o&M  costs  by  the  GFC  plant,  saving  $500,000  of  the  $2.5 
million  projected  O&M. 
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The  total  estimated  savings  in  1990  under  these  assumptions  is  $600,000. 
It  is  likely  to  increase,  assuming  a  5%  electric  power  and  fossil  fuel 
escalation  rate  (first  scenario),  to  $800,000  per  year  by  1999,  the  tenth 
year  of  GFC  plant  operation.  The  cumulative  savings  over  the  first  ten 
years  of  GFC  plant  operation  (the  1990s)  would  approximate  $7  million. 

These  savings  are  likely  the  minimum  that  would  be  achieved,  since  the 
first  scenario  is  likely  to  produce  lower  energy  costs  without  the  GFC 
plant  than  most  persons  think  will  occur  through  the  year  2000.  The 
estimate  of  site  cost  savings  under  higher  escalation  rates  (scenarios  2 
and  3)  would  be  over  $8  million  for  the  ten-year  period.  Table  2.5-1  is 
a  summary  of  the  projected  site  energy  use,  costs,  and  savings  with  the 
GFC  olant.  In  this  exhibit,  the  current  and  projected  total  site  energy 
use  is  shown.  It  also  shows  the  total  site  energy  costs  without  the  GFC 
and  with  the  GFC.  However,  the  GFC  savings  accrue  only  to  the  power 
purchased  from  the  GFC.  Accordingly,  a  GFC  energy  cost  comparison  is 
shown  next  to  the  exhibit.  For  1990,  the  cost  of  the  GFC  electric  and 
thermal  energy  purchased,  combined  with  the  O&M  savings  that  would  likely 
occur,  is  $5.2  million,  whereas  the  cost  of  these  fuels  and  O&M  costs 
without  the  GFC  is  estimated  at  $5.8  million.  Finally,  the  exhibit  shows 
the  estimated  GFC-related  cost  savings  for  the  second  and  third  scenarios 
analyzed. 

2.5.2  Economics 

The  GFC  plant  econpmic  attractiveness  must  be  measured  by  the  financial 
return  on  the  investment  provided.  Whether  one  uses  return  on  total 
private  investment  (ROI)  or  payback,  both  are  affected  by  the  investment 
and  cash  savings  (after  tax)  that  it  can  generate.  Therefore  this 
section  covers  the  estimated  GFC  capital  cost,  GFC  O&M  costs,  GFC  energy 
output  characteristics  and  key  assumptions,  and  the  GFC  plant  return  on 
investment  (ROI)  results. 
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TABLE  2.5-2 


PROJECTED  SITE  ENERGY  USE,  COSTS  AND 
SAVINGS  WITH  GFC  PLANT  ($  Million) 

Washington,  D.C. 


Scenario  1  (Base)* 
Total  Site  Energy  Use 


Current  Projected  10-Yr  Total 
1985  1990  199$  (1990-1999) 


Electric  (million  kWh) 

75 

122 

131 

1399 

Thermal  (billion  kWh) 

635 

811 

940 

1058 

Total  Energy  Cost 
Cost  without  GFC 
Cost  with  GFC 


5.2 

5.8 

GFC  Energy  Cost  Comparison 

Cost  of  Energy  from  GFC 

Cost  of  Same  Energy  and  0&M 
Without  GFC 

Cost  Savings  with  GFC 


Scenario  2:**  Cost  Savings  with  GFC 
Scenario  2:***  Cost  Savings  with  GFC 


*  Flat  near-term  fossil  fuel  prices.  5  percent  long-term  escalation. 
**  Flat  near-term  fossil  fuel  prices.  10  percent  long-term  escalation. 
***  Fossil  fuel  prices  5  percent  near  term,  10  percent/year  long-term. 
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2. 5. 2.1  Capital  Costs 


Under  the  commercialization  cost  sharing  concept  of  the  program,  the 
government  would  fund  70%  of  the  normal  capital  cost  for  the  GFC  plant, 
and  the  private  third-party  owner  the  remaining  30%.  Further,  the 
private  contribution  would  be  the  last  30%  required.  Under  this 
arrangement,  the  government  capital  contribution  would  be  $44.3  million 
and  the  private  contribution  $20  million. 

The  estimated  GFC  plant  construction  and  preproduction  costs  (1985 
dollars)  are  $50.4  million.  Assuming  a  5%  construction  cost  escalation 
until  equipment  is  delivered  and  construction  is  completed  at  various 
stages,  these  costs  escalate  to  a  total  of  $59  million  installed  by  the 
end  of  1989.  The  construction  cash  flow  is  roughly  a  20-40-40% 
allocation  for  the  three  construction  years,  1987-1989. 

In  addition  to  the  hard  construction  costs,  there  are  other  capital 
requirements  for  any  project  to  begin  operation,  specifically 
construction  interest,  working  capital,  and  development,  financing, 
legal,  and  other  costs.  The  construction  interest  is  assumed  to  be  zero, 
for  two  reasons.  First,  the  basic  economic  measure  is  return  on  total 
private  investment,  with  no  private  debt,  hence  no  interest  costs. 
Second,  even  with  a  financing  structure  that  assumed  debt,  since  the  last 
capital  contribution  is  the  private  contribution,  the  amount  of  interest 
during  the  last  few  months  of  construction  is  small  compared  to  the  total 
capital  costs,  perhaps  a  few  hundred  thousand  dollars.  However,  because 
of  final  performance  testing  and  construction  certification  holdback 
amounts,  it  may  be  that  the  private  contribution  would  occur  virtually  at 
plant  startup,  with  no  attendent  construction  period  interest. 

Working  capital  is  required  for  the  delay  in  payment  of  invoices  (i.e., 
accounts  receivable),  fuel  inventory  needed,  initial  catalyst  and 
chemicals,  and  other  initial  inventory.  The  estimated  capital 
requirements  at  startup  for  the  GU  site  for  these  items  is  $2.1  million. 
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Finally,  for  any  privately  financed  entity,  there  are  private 
development,  financing,  legal,  and  other  costs  associated  with  that 
activity.  These  costs  are  estimated  at  $2.3  million  (fixed)  for  the 
project.  These  include: 

o  Financing  fee  of  $1.5  million,  or  8*  of  the  private  capital 
requirement. 

o  Third  party  development  fee  of  $380,000,  or  2%  of  the 
private  capital. 

o  Legal  and  other  expenses  of  $380,000,  or  2%  of  the  private 
development  capital. 

The  total  capital  requirements,  as  installed,  for  the  Washington,  D.C. 
site,  then,  are  $63.4  million.  Table  2.5-3  shows  the  percentage  and 
timing  of  these  requirements  for  the  private  and  governmental  portions. 

2. 5. 2.2  Plant  Energy  Production 

The  margin  provided  by  the  output  revenues  and  the  basic  operating  cost 
determined  the  return  on  the  private  capital  required.  For  the 
Washington,  D.C.  site,  the  GFC  plant  outputs  are  electric  power,  steam 
and  tars  and  oils. 

The  electric  power  revenues  from  the  GFC  plant  are  based  on  its  rate  of 
power  output,  number  of  operating  hours  per  year,  and  the  price  receivec 
for  the  power  sold.  The  entire  GFC  plant  electric  output  is  sold  to  GU, 
displacing  its  purchase  oower  from  the  Potomac  Electric  Power  Company 
(PEPCO).  The  assumed  price  for  the  GFC  power  sold  is  the  same  as  GU's 
cost  of  purchased  power.  In  1990  this  is  6.7d/kWh.  (This  is  the  total 
electric  power  bill  divided  by  the  number  of  kilowatt  hours  purchased 
from  PEPCO.)  At  a  long-term  escalation  rate  of  5*,  this  power  price 
increases  to  8.5d/kWh  in  1995. 
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TABLE  2.5-3 


*  Private  capital  would  be  legally  committed  at  the  beginning  of 
construction,  but  would  be  contributed  as  the  last  funding  increment. 
Therefore,  construction  interest  on  any  private  debt  used  is  assumed  to 
be  zero. 
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The  amount  of  electric  energy  sold  annually  to  GU  is  77  million  kWhs  in 
the  first  five  years  of  GFC  plant  operation,  increasing  to  over  82 
million  kWhs  in  the  sixth  year  and  later  years  of  operation,  for  a  total 
of  almost  800  million  kWhs  over  the  first  ten  years  of  plant  life.  The 
rationale  for  the  increase  in  output  is  that,  with  some  solid  operating 
experience,  the  GFC  plant  availability  should  increase. 

The  total  electric  revenues  to  the  GFC  plant  are  estimated  at  $5.1 
million  in  1990,  $7  million  in  1995,  and  $67  million  for  the  first  ten 
years  of  plant  life. 

The  other  revenues  for  the  GFC  plant  come  from  the  sale  of  steam  and  the 
sale  of  tars  and  oils  (similar  to  residual  fuel  oil)  produced  in  the 
process,  and  not  used  internally.  The  limited  amount  of  steam  (200 
pounds  per  hour  and  14  million  pounds  per  year)  would  produce  1990 
revenues  of  less  than  $100,000  per  year.  The  substantial  amount  of  tars 
and  oils  produced  as  a  by-produuct  of  the  plant  are  assumed  to  be  sold  at 
the  price  of  No.  6  fuel  oil  (63£  per  gallon  in  1990),  providing  revenues 
of  over  $1  million.  The  estimated  total  GFC  plant  revenues  for  1990, 
then,  are  $6.3  million,  and  over  $80  million  during  the  first  ten  years 
of  plant  life. 

Exhibit  22  shows  the  key  electric  power  and  other  output  assumptions  for 
the  GFC  plant  for  the  first  year  and  sixth  year  of  operation,  and 
cumulatively  for  the  first  ten  years  of  operation. 

Both  the  O&M  and  the  fuel  operating  costs  are  significant.  The  basis  for 
the  $2  million  1985  O&M  cost  estimate  was  given  in  para.  2.1.2.  With  5 
percent  escalation,  the  1990  O&M  cost  would  be  $2.6  million.  In  1995 
(sixth  operating  year),  the  fuel  cell  reload  costs  start,  adding  $600,000 
per  year,  for  a  total  1995  O&M  of  $3.9  million.  In  addition  to  the 
technical  O&M,  there  are  other  possible  annual  operating  costs  that  must 
be  considered,  mainly  taxes  and  insurance.  The  amount  estimated  for 
these  two  costs  in  1990  is  $260,000,  assumed  to  escalate  at  5  percent  per 
year  long-term. 
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TABLE  2.5-4 


SUMMARY  -  GFC  PLANT  ECONOMIC  OUTPUTS 


Washington,  D.C. 


Economic  Parameter 
Electric  Power  Outuput 
Net  Power  Output  (MW) 

Operating  Hours  Hours  per  year 
Energy  Sold  to  Site  (Mil  kWhs) 
Price  (ei/kWh) 

Energy  Sold  to  Utility  (Mil  kWhs) 
Price  (£/kWh) 

Steam  Output  (at  240  psig) 

Output  Rate  (1000  Lbs/Hr) 

Sold  to  Site  (Mil  Lbs) 

Price  ($/000  Lbs) 

Other  Output 

Tars/Oils  Sold  (Bil  Btu) 

Price  ($/gal) 


First 

Year 

(1990) 

Sixth 

Year 

(1995) 

First  10  Years 
Operation 
(1990-1999) 

10.8 

10.8 

7096 

7596 

77.0 

82.4 

797 

6.7 

8.5 

0 

0 

0 

NA 

NA 

2000 

2000 

14.2 

15.2 

147 

5.1 

6.5 

274 

2984 

2841 

.63 

.80 
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Using  a  coal  price  of  $62  per  ton  (under  the  first  scenario  analysis, 
fossil  fuel  prices  were  assumed  flat  for  five  years),  the  1990  coal  cost 
for  the  GU  GFC  plant  is  estimated  at  $3.2  million.  With  a  5  percent 
escalation,  and  an  increase  in  plant  operating  hours  starting  in  the 
sixth  year,  the  estimated  cost  in  1995  is  $4.0  million. 

While  the  basic  economic  analysis  did  not  focus  on  financing  and 
ownership  structures,  it  had  to  incorporate  some  fundamental  tax 
assumptions  in  order  to  derive  an  after-tax  cash  flow  return  on  the  total 
investment.  While  there  is  currently  a  substantial  focus  on  potential 
new  tax  legislation,  in  the  absence  of  any  new  proposals,  the  current  tax 
laws  were  assumed.*  Therefore,  the  tax  assumptions  made  were: 

o  10  percent  investment  tax  credit. 

o  5-year  straight  line  depreciation. 

o  50  percent  combined  federal  and  state  marginal  annual  income  tax 
rate. 

o  As  a  sensitivity  analysis,  the  impact  of  the  annual  income  tax 
credit  (through  1999)  for  nonconventional  sources  of  gas  were 
evaluated.  Currently,  this  tax  credit  is  approximately  70ft  per 
million  Btus  of  synthetic  gas  produced. 


*  With  regard  to  tax  factors  affecting  the  GFC  plant  economic, 
overall  thrust  of  the  current  tax  proposals  is  to  eliminate 
the  investment  tax  credit  ard  stretch  out  the  decree: at:  ■■  . 
measures  that  would  lower  the  ROI.  The  proposals  wo^lc  a.-.  ■ 

marginal  annual  income  tax  rate,  a  measure  that  wo^i~:  .n  • 
in  the  long-term. 
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2. 5. 2. 3  Return  on  Investment 

For  this  analysis,  return  on  total  investment  (ROI)  was  used  as  the 
measure  of  the  GFC  plant  financial  performance.  With  this  measure,  no 
private  debt  is  assumed  —  i.e.,  the  entire  private  investment  is  treated 
as  equity. 

The  ROI  results  of  the  analysis  are  not  to  be  considered  as  final 
investment-decision  results.  Rather,  they  are  an  indicator  of  the 
potential  economic  attractiveness  of  the  GFC  plant.  The  ROI  result  is 
one  measure  to  be  used  by  the  Department  of  the  Army  to  decide  which 
sites  warrant  further  expenditures  for  preliminary  design  and  more 
refined  economic/financing  analysis.  Other  measures  of  importance  to  be 
used  by  the  Army  will  be: 

o  Benefit  from  using  coal  to  replace  oil  and  gas  use. 

o  Increased  site  power  supply  reliability. 

o  Reduced  requirements  for  other  site  plant  capital  expenditures. 

o  The  value  of  a  maximum  price  guarantee  to  be  provided  by  the  GFC 
plant  that  would  not  be  available  from  existing  electricity  and 
fuel  suppliers. 

Further,  the  technical  design  and  economics  of  the  plant  were  not 
optimized  in  this  feasibility  study.  The  purpose  of  the  next  step  — 
preliminary  design  and  testing  —  is  to  identify  improvements  in  the 
plant  efficiency  (causing  lower  operating  costs)  and  reductions  in  the 
capital  cost.  Also,  the  private  cost-sharing  component,  which  is  a 
significant  strength  of  the  GFC  concept,  has  been  roughly  set  at 
30  percent  production  volume  capital  cost  for  the  GFC  plant  at  30  percent 
of  the  prototype  cost.  This  number,  coupled  with  revised  capital  cost 
estimates,  could  change  somewhat.  Therefore,  the  minimum  economic 
performance  required  from  the  analysis  to  warrant  further  work  should  not 
be  as  high  as  the  final  ROI  and  other  financial  requirements  that  would 
be  desired  by  investors  in  any  final  design  plant. 
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Therefore,  a  feasibility  ROI  criterion  of  10  percent,  without  the  annual 
syngas  income  tax  credit  (which  makes  the  ROI  higher),  was  used  to  test 
each  of  the  sites  for  economic  feasibility.  While  the  syngas  tax  credit 
has  been  in  effect  for  several  years,  and  should  not  be  ignored,  it 
distorts  an  ROI  number  such  that  general  comparisons  with  other  ROIs  are 
harder  to  make.  The  10  percent  ROI  criterion  roughly  translates  into  a 
25  percent  or  higher  return  on  equity  (ROE),  assuming  a  2/1  private 
debt/equity  ratio.  (Alternative  financing  structures  and  the  ROE  results 
are  discussed  in  Chapter  3.0,  Financing  and  Ownership  Analysis.) 

As  shown  in  Table  2.5-5,  the  total  GfC  plant  revenues  for  GU  in  1990  are 
estimated  at  $6.3  million,  and  total  costs  at  $6.0  million,  resulting  in 
a  very  limited  operating  cash  flow  of  $400,000.  This  operating  margin 
remains  at  a  low  level,  with  a  10-year  total  operating  cash  flow  of 
approximately  $4  million. 

For  the  ROI  analysis,  there  is  no  debt  service  requirement.  Therefore, 
only  a  tax  saving  or  payment  needs  to  be  applied  to  the  operating  cash 
flow  to  obtain  the  after-tax  net  cash  flow. 

During  the  first  five  years  of  plant  life,  the  allowed  depreciation 
results  in  a  tax  savings.  Therefore,  the  net  cash  flow  in  1990  is 
$1.8  million.  However,  starting  in  1995,  a  tax  payment  of  50  percent  of 
the  operating  cash  flow  occurs.*  After  the  first  5  years,  the  net  cash 
flow  is  limited,  with  a  total  10-year  cash  flow  of  $10.4  million. 


*  The  annual  income  tax  credit  for  nonconventional  sources  of  gas  (called 
the  syngas  tax  credit)  which  is  in  effect  through  1999,  has  not  been 
included  in  the  tax  calculation  so  that  the  resulting  ROI  can  be 
compared  to  other  ROIs  reflecting  conventional  tax  assumptions. 


TABLE  2.5-5 


10  Year  Total 


Economic  Variable 

1990 

1995 

(1990-1999) 

Base  Scenario  (Flat  near-term 

fuel  prices. 

5  percent  long-term) 

Revenue 

Electric 

5.1 

7.0 

67.0 

Other 

1.2 

1.5 

15.5 

Subtotal 

Z7S 

"S3 

ITT? 

Cost 

Fuel 

3.2 

4.0 

39.7 

0AM  A  Other 

2.8 

4.2 

38.8 

Subtotal 

S3 

78.5 

Operating  Cash  Flow 

.3 

.3 

4.0 

Tax  Saving  (Payment)* 

1.5 

-.1 

6.4 

Net  Cash  Flow 

1.8 

.2 

10.4 

ROI 

Negative 

Scenario  2  (Flat  near-term  fuel  prices.  10  percent/year  long-term) 

Net  Cash  Flow 

ROI  Negative 

Scenario  3  (Fuel  prices  5  percent/year  near  term,  10  percent  long-term) 
Net  Cash  Flow 

ROI  Negative 


♦Does  not  include  the  annual  syngas  tax  credit. 
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The  resulting  ROI  under  the  base  scenario  is  negative,  as  are  the  ROIs 
under  Scenarios  2  and  3.  Sensitivity  analysis  conducted  on  electric 
power  and  coal  prices  do  not  show  any  potential  for  improving  the 
economics  to  an  acceptable  level. 

2. 5. 2. 4  Site  Specific  Increment 

The  site  specific  incremental  cost  is  estimated  to  be  in  the  range  of 
$16,000,000  to  $20,000,000.  This  additional  burden  to  the  basic  GFC 
which  is  not  subject  to  DOA  funding,  makes  the  total  plant  too  costly  to 
continue  as  the  baseline  facility. 

2.5.3  Conclusions  for  the  Georgetown  University  Site 


The  analysis  of  the  Georgetown  University  site  led  to  the  following 
conclusion: 

1.  For  a  set  a  energy  prices  that  provides  Georgetown  University 
any  significant  cost  savings,  the  GFC  plant  after-tax  return  on 
total  investment  is  unacceptable.  Therefore,  an  economically 
viable  application  for  the  GFC  plant  does  not  exist. 

With  the  forecast  of  oil  prices  in  1990  (63d/gal)  this  project  is  not 
feasible  at  this  site  for  overall  electricity  costs  below  9.7d/kWh. 
Since  the  forecast  (Table  2.5-1)  indicates  the  electricity  price  in  1990 
to  be  6.id/kWh,  Georgetown  University  is  not  proposed  as  the  baseline 
site. 
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3.0 


OWNERSHIP  AND  FINANCING  ANALYSIS 


3.1  General 


In  this  section,  the  results  of  the  ownership  and  financing  analysis  are 
presented  for  the  two  sites  that  showed  acceptable  economic  results: 
Scranton  AAP  and  Fort  Greely. 

The  economic  results  of  both  Scranton  AAP  and  Fort  Greely  indicate  that  a 
return  on  total  investment  (ROI)  of  over  10*  can  be  achieved.  A  summary 
of  the  economic  results  for  both  sites  is  shown  in  Table  3-1. 

As  with  the  basic  economic  analysis,  this  analysis  was  intended  to 
determine  the  financing  feasibility  of  each  site,  showing  that  it  can  or 
cannot  be  financed.  Financing  alternatives  selected  for  each  feasible 
site  will  be  detailed  in  subsequent  stages  of  GFC  project  development. 

This  section  also  lists  key  third  parties  who  have  indicated  serious 
interest  in  financing,  constructing,  owning  and  operating  such  a  facility. 
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TABLE  3-1 


SUMMARY1  COMPARISON  OF  SCRANTON  AND  FORT  GREELY  ECONOMICS 


Total  Capital  Requirement 
($  Million) 

Private  Capital  Contribution 
($  Million) 

1990  After-Tax  Cash  Flow 
($  Million) 


ScrantPn  AAP  Fort  Greely 


51.0 


81.0 


15.3 


16.2 


2.5 


2.7 


10-Year  After-Tax  Cash  Flow 


($  Million)  23.7 
Return  on  Investment 

Scenario  1*  11. IX 
Scenario  2*  9.7X 
Scenario  3***  2.78X 


24.2 


11. IX 
15. 7X 
9.9X 


♦Flat  near-term  fossil  fuel  prices.  5X  long-term  esclation. 
♦♦Flat  near  term  fossil  fuel  prices.  10X  long-term  escalation. 
♦♦♦Fossil  fuel  prices  5X/year  near  term,  lOX/year  long  term. 
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The  key  steps  carried  out  for  the  ownership  and  financing  assessement 
were: 

1.  Identify  types  of  owners  and  investment  decision  criteria. 

2.  Identify  workable  financing  alternatives. 

3.  Specify  the  site  financing  assumptions. 

4.  Analysis  the  financing  results. 

5.  Identify  potential  owners,  financers,  and  other  participants  for 
each  site. 

The  financial  analysis  had  the  two  following  specific  objectives: 

1.  Determine  if  a  Return  on  Equity  (ROE)  of  at  least  25%  can  be 
achieved. 

2.  Determine  if  a  debt  coverage  ratio  greater  than  1.5  can  be 
provided  for  the  minimum  ROE. 
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Third  party  financing  is  defined  as  the  utilization  by  other  non- 
participating  parties  of  the  available  tax,  cost  recovery  and  revenue 
related  incentives  to  invest  and  own  capital  ventures.  The  third-party 
may  embody  corporations,  individuals,  partnerships,  or  joint  ventures, 
and  may  emanate  from  the  private  or  public  sector.  The  distinguishing 
feature  of  third-party  financing  is  the  capital  provided  by  the  investor 
is  targeted  on  a  project-specific  or  service-specific  basis,  as  in 
project  financing. 

Using  this  project  financing  approach,  lenders  finance  a  specific  project 
and  look  to  the  cash  flow  generated  by  that  project  to  service  and  repay 
the  debt.  In  "pure"  project  finance,  the  lenders  have  no  resource  to  nor 
support  from,  the  project’s  sponsors.  However,  credit  support  of  some 
sort  from  the  sponsors  or  interested  third  parties  are  sometimes 
required.  The  key  to  "project  financing"  is  to  structure  the  financing 
with  as  little  recourse  as  possible  to  the  sponsors  while  simultaneously 
providing  sufficient  credit  support  so  as  to  induce  the  lenders  to 
provide  the  funds. 

Thus,  the  asset  of  the  project  itself  serves  as  collateral  to  secure  the 
loan,  but  as  a  practical  matter,  assets  frequently  are  project/site 
specific  and  thereby  would  have  only  minimal  reusable  value  to  anyone 
else.  Therefore,  the  sales  contracts  for  project  output  becomes  a  key 
asset. 

The  second  key  feature  is  the  sponsors'  desire  to  limit  and  minimize 
their  risk  and  liability  for  the  project  debt.  Given  the  size  and 
maturity  of  a  project,  the  sponsors  seek  to  minimize  the  inpact  of  the 
project's  financing  debt  on  their  balance  sheets  in  order  to  preserve 
their  financial  ratios  and  debt  capacity.  In  short,  the  sponsors  do  not 
want  to  borrow  directly.  Instead,  they  prefer  the  project  entity  itself 
to  incur  the  debt  and  carry  it  on  the  project's  balance  sheet. 
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The  lenders,  however,  want  to  finance  a  credit  rather  than  a  venture 
capital  risk  and  therefore,  require  credit  support  and  contractual 
commitments  from  the  sponsors  and/or  third  parties,  which  effectively 
mitigate  potentially  unacceptable  business  risks.  These  supports, 
whether  in  the  form  of  guarantees,  offtake  agreements,  supply  contracts, 
completion  guarantees,  undertakings  by  a  third  party,  system  performance 
insurance,  etc.,  allow  the  lenders  to  shift  much  of  the  risks  to  the 
sponsors  and/or  third  parties.  It  is  very  important  to  bear  in  mind  the 
"Project  Financing"  does  not  eliminate  the  risks  involved;  it  merely 
seeks  to  disperse  the  risks  among  all  interested  parties.  To  accommodate 
both  the  SDonsors  and  the  lenders,  the  developer  of  a  project  must  assess 
the  risks  inherent  in  the  project  and  structure  a  credit  support 
framework  which  assigns  those  risks  among  the  participants  who  have  an 
inherent  interest  to  see  the  oroject  go  ahead. 

There  are  different  types  of  financing  structures  that  can  be  used  to 
finance  the  GFC  projects.  The  most  straight  forward,  and  most  easily 
understood,  structure  is  direct,  100%  ownership  of  the  plant  by  a  single 
corporation.  This  single  entity  receives  all  of  the  net  cash  flow  and 
all  of  the  tax  benefits  and  liabilities  of  the  project.  The  entity  may 
choose  to  obtain  debt  financing  to  cover  a  major  portion  of  the  project's 
capital  requirements.  It  trades  off  the  cash  required  for  the  debt 
service  (principal  plus  interest)  against  the  smaller  remaining  equity 
investment  it  has  in  the  project,  and  then  settles  on  the  optimal  amount 
of  debt.  (The  debt  financer,  of  course,  has  his  criteria  and  limitations 
on  the  maximum  amount  of  debt  he  is  willing  to  provide.) 

A  variation  on  the  single  owner  is  a  joint  venture,  where  several 
different  owners  establish  a  single  legal  entity,  and  share  the  cash 
returns  and  tax  benefits  of  the  project  in  an  agreed  upon  proportion. 

Another,  completely  different  structure,  is  a  leasing  structure,  which 
has  been  traditionally  used  for  equipment  financing  by  parties  who  want 
no  resoonsibilities  or  risks  for  management  or  operation  of  the 
equipment.  With  this  structure,  the  party  leasing  the  equipment  (lessor) 
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receives  a  cash  payment  for  the  project  manager/operator  (lessee)  at 
least  as  great  as  the  debt  service  payment  required  by  the  debt  lendor. 
The  lessor  also  receives  the  tax  benefits  from  the  project.  The 
manager/operator,  or  lessee,  manages  the  project,  which  now  has  a  lease 
(rental)  cost  in  addition  to  the  operating  costs  of  the  project.  The 
residual  cash  flow  after  accounting  for  operating  costs  and  the  lease 
payment  is  available  to  the  lessee.  If  the  lessor  is  a  financially 
strong  corporation,  he  can  typically  obtain  a  higher  amount  of  debt,  and 
thus  more  equity  leverage,  than  a  directly-owned  project  financing 
structure  might  allow. 

There  are  other,  less  likely  financing  structures  essentially  applicable 
to  the  GFC  project,  such  as  a  large  limited  partnership,  where  a  special 
legal  entity  (the  partnership)  owns  the  project  and  arranges  for  debt 
from  a  lender,  much  like  the  direct  corporate  owner  would.  But  the 
allocation  of  the  net  cash  flow  and  tax  benefits  to  the  partnership  can 
be  significantly  different  for  different  types  of  partners  (e.g.  limited 
vs.  general). 

Further,  the  cash  flow,  tax  benefits  and  liabilities  accrue  directly  to 
the  entities  who  are  the  partners  and  their  particular  tax  positions. 
These  entities  can  be  individuals  or  corporations. 

Regardless  of  the  financing  structure,  there  are  two  objectives  to  be 
met:  A  minimum  ROE  of  25%;  and  a  minimum  debt  service  coverage  ratio  of 

1.5. 

Pending  a  further  stage  of  development  of  the  GFC  project,  and  an 
owner-specific  determination  of  financing  interest,  the  direct  100% 
corporate  ownership  structure  was  assumed,  and  the  results  determined 
under  this  structure.  In  the  two  remaining  sections  of  this  chapter,  the 
results  of  the  ownership/financing  analyses  are  discussed  for  Scranton 
AAP  and  Ft  Greely. 
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3.2  Scranton  AAP  Ownership/Financini 


The  following  assumptions  were  made  for  the  Scranton  AAP  financing 
analysis: 

o  Private  capital  contribution  of  30%  of  total  required  capital 
o  Debt/equity  ratio  of  2/1. 

o  Debt  repaid  over  15  years  with  a  constant  principal  repayment 
(decreasing  total  debt  service  payment). 

o  Average  interest  rate  over  the  life  of  the  loan  of  13%. 

o  Current  tax  laws  as  follows: 

1.  Ten  percent  investment  tax  credit. 

2.  Five  year  depreciation. 

3.  Fifty  percent  marginal  tax  rate. 

4.  Annual  income  tax  credit  for  synthetic  gas  analyzed  as  an 
incremental  benefit.* 

Each  of  the  above  financing  assumptions  could  be  varied,  with  a 
significant  impact  on  the  resulting  ROE.  However,  within  the  range  of 
assumptions  currently  in  use  for  the  analysis  of  similar  energy 
projects.  Using  the  base  scenario  for  energy  prices  discussed  in  para 
2.2,  the  ROE  for  Scranton  was  28.5%  when  including  the  syngas  tax  credit. 

Refer  to  Appendix  A  for  details  and  annual  cash  flows. 

♦The  annual  income  tax  credit  for  nonconventional  sources  of  gas  (called 
the  syngas  tax  credit),  which  is  in  effect  through  1999,  has  not  been 
included  in  the  tax  calculations  so  that  the  resulting  ROE  can  be 
compared  to  other  ROEs  reflecting  conventional  tax  assumptions. 
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Referring  to  Table  3-2  which  summarizes  these  results,  the  operating  cash 
flow  (revenues  minus  costs)  is  the  same  as  for  the  ROI  analysis. 
However,  it  was  assumed  that  two-thirds  of  the  private  capital 
contribution  would  be  debt  with  a  maximum  debt  service  payment  of  $2 
million  in  1990.  Given  the  interest  cost,  the  taxable  income  is  lower, 
and  the  tax  savings  are  higher  than  for  the  ROI  analysis  (no  debt).  The 
overall  effect  on  the  net  cash  flow  is  to  reduce  it  to  approximately  half 
of  that  under  the  ROI  analysis.  But,  because  the  equity  invested  is 
on-third  of  the  private  capital,  the  return  of  that  cash  flow  on  the 
equity  is  28.5%. 

From  the  debt  lender's  point  of  view,  a  suitable  debt  coverage  ratio  is 
provided.  While  the  minimum  debt  coverage  ratio  of  1.5  is  not  met  in  the 
first  five  years,  a  coverage  ratio  of  2.8  -  4.4  is  provided  in  the  second 
five  years.  The  average  debt  coverage  ratio  for  the  first  10  years  of 
plant  life  is  2.1,  as  shown  in  Table  3-2.  Thus,  the  debt  structure  could 
be  worked  around  and  tailored  to  the  cash  flows  of  the  project  to  provide 
an  acceptable  debt  coverage  ratio  for  the  entire  debt  service  life. 
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TABLE  3-2 

GFC  PLANT  ECONOMICS  SUMMARY  ($  Million) 


10-Year  Total 

Economic  Variable 

1990 

1995 

(1990-1999 

Base  Scenario  (Flat  near-term  fuel  prices . 

5%  year  long-term) 

Revenues :  Electric 

7.8 

12.0 

106.0 

Other 

.3 

.5 

4.5 

Subtotal 

8.1 

12.5 

110.5 

Costs:  Fuel 

3.0 

3.8 

37.6 

O&M  &  Other 

2.8 

4.2 

38.8 

Subtotal 

5.8 

8.0 

76.4 

Operating  Cash  Flow 

2.3 

4.4 

34.1 

Tax  Saving  (Payment)* 

.2 

-2.2 

-10.4 

Net  cash  flow 

2.5 

2.2 

23.7 

ROI 

11.1% 

Scenario  2  (Flat  near-term 

fuel  prices.  10%/year  long-term) 

Net  Cash  Flow 

2.5 

1.8 

22.5 

ROI 

9.7% 

Scenario  3  (Fuel  prices  5%/year  near  term, 

10%/year  long-term) 

Net  Cash  Flow 

2.1 

1.1 

16.0 

ROI 

2.7% 
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To  assure  the  practical  viability  of  the  project  after  demonstrating 
acceptable  economics,  key  participants  are  required,  namely-a  coal 
supplier  who  can  deliver  coal  at  the  price  indicated,  the  supplier  of  a 
suitable  parcal  of  land,  an  electric  utility  to  buy  power,  a  purchaser  of 
the  steam  and/or  electric  power,  an  engineer/constructor  who  can  provide 
the  required  engineering,  various  equipment  suppliers,  and  an  owner/ 
operator  who  will  manage  and  guarantee  the  operating  availability  and 
performance  of  the  plant.  For  the  Scranton  AAP  site,  some  of  the 
potential  participants  are: 

o  Coal  Supplier:  Unionvale  Coal  Company;  American  Natural 

Resources. 

o  Land  Supplier:  University  of  Scranton 
o  Electric  Utility:  Pennsylvania  Power  &  Light 
o  Long  Term  Steam  Purchaser:  Scranton  AAP. 

o  Owner/Operator:  Foster-Wheeler  Corporation;  American  Natural 

Resources;  King  Smith 

The  expression  of  interest  of  the  above  participants  at  this  stage 
confirms  the  potential  of  the  GFC  project,  should  its  economics  and 
financiability  be  born  out  in  further  design  and  testing  work. 

3.3  Fort  Greely  Ownership/Financing 

The  following  assumptions  were  made  for  the  Fort  Greely  financing 
analysis: 

o  Private  capital  contribution  of  2Q%  of  total  required  capital 
o  Debt/equity  ratio  of  2/1. 

o  Debt  repaid  over  15  years  with  a  constant  principal  repayment 
(decreasing  total  debt  service  payment). 
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o  Average  interest  rate  over  the  life  of  the  loan  of  13%. 


o  Current  tax  laws  as  follows: 

1.  Ten  percent  investment  tax  credit. 

2.  Five  year  depreciation. 

3.  Fifty  percent  marginal  tax  rate. 

4.  Annual  income  tax  credit  for  synthetic  gas  analyzed  as  an 
incremental  benefit.* 

Each  of  the  above  financing  assumptions  are  within  the  range  typically 
used  for  analyzing  the  financing  attractiveness  of  this  type  of  energy 
project.  Using  the  base  scenario  for  energy  prices  discussed  in 
paragraph  2.3,  the  ROE  for  Fort  Greely  was  33%  which  increases  to  60% 
when  considering  the  annual  syngas  tax  credit. 

Referring  to  Table  3-3,  operating  cash  flow  (revenues  minus  costs)  is  the 
same  as  for  the  ROI  analysis.  However,  it  was  assumed  that  two-thirds  of 
the  private  capital  contribution  would  be  debt  with  a  maximum  debt 
service  payment  of  $2  million  in  1990.  Given  the  interest  cost,  the 
taxable  income  is  lower,  and  the  tax  savings  are  higher,  than  for  the  ROI 
analysis  (no  debt).  But,  because  the  equity  invested  is  one-third  of  the 
private  capital,  the  return  of  that  cash  flow  on  the  equity  is  33%. 

Refer  to  Appendix  A  for  details  and  annual  cash  flows. 


*The  annual  income  tax  credit  for  nonconventional  sources  of  gas  (called 
the  syngas  tax  credit),  which  is  in  effect  through  1999,  has  not  been 
included  in  the  tax  calculations  so  that  the  resulting  ROE  can  be 
compared  to  other  ROEs  reflecting  conventional  tax  assumptions. 
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From  the  debt  lender’s  point  of  view,  a  suitable  debt  coverage  ratio  is 
provided.  While  the  minimum  debt  coverage  ratio  of  1.5  is  not  met  in  the 
first  three  years,  a  coverage  ratio  of  1.5  -  3.5  is  provided  in  the 
remaining  years.  The  average  debt  coverage  ratio  for  the  first  10  years 
of  plant  life  is  2.0,  as  shown  in  Table  3-3.  Thus,  the  debt  structure 
could  be  worked  around  and  tailored  to  the  cash  flows  of  the  project  to 
provide  an  acceptable  debt  coverage  ratio  for  the  entire  debt  service 
life. 
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TABLE  3-3 


GFC  PLANT  ECONOMICS  SUMMARY 
FT.  GREELY.  ALASKA 

10-Year  Total 


Economic  Variable 

1990 

1995 

(1990-1999 

Base  Scenario 

Revenues:  Electric 

6.7 

9.2 

86.9 

Other 

1.7 

2.2 

21.4 

Subtotal 

8.4 

11.4 

109.3 

Costs:  Fuel 

3.2 

4.1 

40.2 

O&M  &  Other 

2.8 

3.6 

35.4 

Subtotal 

6.0 

7.7 

75.6 

Operating  Cash  Flow 

2.4 

3.7 

33.7 

Tax  Saving  (Payment)* 

_ 2 

-1.9 

-  9.5 

Net  cash  flow 

ROI 

2.7 

11.  IX 

1.8 

24.2 

Scenario  2 

Net  Cash  Flow 

ROI 

2.7 

15.1% 

2.5 

30.9 

Scenario  3 

Net  Cash  Flow 

ROI 

2.2 

9.9 % 

1.8 

23.9 

ROE  ANALYSIS:  Base  Scenario 


Operating  Cash  Flow 

2.4 

3.7 

33.7 

Total  Debt  Service 

-2.1 

-1.6 

-16.9 

Tax  Saving  (payment) 

1.0 

-1.4 

-  4.6 

Net  cash  flow 

1.1 

.7 

12.2 

Debt  coverage  ratio 

1.1 

2.2 

2.0 

ROE  (2/1  debt/equity  ratio): 

33* 

ROE  with  syngas  tax  credit: 

60* 
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To  assure  the  practical  viability  of  the  project  after  demonstrating 
acceptable  economics,  key  participants  are  required,  namely-a  coal 
supplier  who  can  deliver  coal  at  the  price  indicated,  the  supplier  of  a 
suitable  parcal  of  land,  an  electric  utility  to  buy  power,  a  purchaser  of 
the  steam  and/or  electric  power,  an  engineer/constructor  who  can  provide 
the  required  engineering,  various  equipment  suppliers,  and  an  owner/ 
operator  who  will  manage  and  guarantee  the  operating  availability  and 
performance  of  the  plant.  For  the  Ft  Greely  site,  some  of  the  potential 
participants  are: 

o  Land  Supplier:  Department  of  Army 

o  Electric  Utility  Power  Purchaser:  Golden  Valley  Electric 
Association. 

o  Coal  Supply:  Usibelli;  Owen 

o  Long  Term  Steam  Purchaser:  Department  of  Army 

o  Owner/Operator:  Foster-Wheeler;  American  Natural  Resources; 
King-Smith;  Owen. 

The  expression  of  interest  of  the  above  participants  at  this  stage 
confirms  the  potential  of  the  GFC  project,  should  its  economic  be  bom 
out  further  design  and  testing  work. 
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4.0  CONCLUSION  AND  RECOMMENDATIONS 

This  report  has  presented  the  analysis  and  findings  for  an  economic  and 
financing  feasibility  study  of  the  Coal  Gasification/Fuel  Cell/ 
Cogeneration  (GFC)  project  federal  and  private  third  party  cost-sharing 
concept  —  a  concept  designed  to  shift  Army  fuel  use  from  oil  or  gas  to 
coal  and  reduce  energy  costs  in  doing  so.  As  a  feasibility  study,  the 
intent  was  not  to  provide  an  optimal  design  or  economic/financing 
structure,  but  to  arrive  at  reasonable  conclusions  regarding  the 
viability  of  the  GFC  cost-sharing  concept.  The  third  party  would  own, 
finance,  construct  and  operate  the  facility  under  a  long  term  contract 
with  the  Army. 

Overall,  the  GFC  concept  appears  economically  feasible.  Two  of  the  three 
Army  bases  evaluated  provide  the  conditions  for  an  economically  viable 
GFC  plant,  with  potential  benefits  for  a  number  of  Army  bases. 
Specifically,  the  GFC  concept  was  found  to  be  economically  viable  for  the 
Scranton  Army  Ammunition  Plant  (AAP)  and  Fort  Greely,  Alaska,  but  not  for 
Fort  Hood,  Texas  or  for  the  baseline  site,  Washington,  D.C. 

Beyond  the  direct  cost  savings  that  could  be  provided  by  a  GFC  plant  at 
an  Army  base,  there  are  other  indirect  benefits  that  would  accrue  to  GFC 
plants  as  well.  The  site-specific  conclusions,  general  GFC  plant 
conclusions,  conclusions  regarding  broader  benefits  from  GFC  plants,  and 
the  recommendations  based  on  these  conclusions  are  presented  in  the  four 
sections  below. 

4.1  Site-Specific  Conclusions 

Capital  costs  referred  to  in  this  paragraph  are  referenced  to  the  date, 
1/1/90. 

The  SCRANTON  ARMY  AMMUNITION  PLANT  site  was  found  to  be  economically 
feasible  and  financable  for  a  GFC  plant  application.  This  conclusion  is 
the  result  of  the  following  economic  findings: 

o  Total  capital  requirement  of  $51  million, 
o  Federal  capital  contribution  of  $36  million  (70%). 
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o  Private  capital  contribution  of  $15  million  (30%). 
o  Ten-year  site  savings  (1990-1999)  of  $7-11  million 
o  Basic  economics  and  financing  characteristics  'that  would  provide 
the  GFC  third  party  owner  with  a  25-30%  or  higher  return  on 
equity 

FORT  GREELY,  ALASKA  was  found  to  be  economically  viable  for  a  GFC  plant 
application.  This  conclusion  was  based  on  the  following  economic 
findings: 

o  Total  capital  requirement  of  $81  million  which  includes 
significant  additional  construction  costs  required  for  an 
Alaskan  Army  base  location 

o  Federal  capital  contribution  of  $65  million  (80%) 

o  Private  capital  contribution  of  $16  million (20%) 

o  Ten  year  site  savings  (1990-1999)  of  $10-20  million 

o  Economic  and  financing  characteristics  providing  the  GFC  third 
party  owner  with  a  30-35%  or  higher  return  on  equity. 

FORT  HOOD,  TEXAS  was  found  not  to  be  economically  feasible  for  a  GFC 
plant  application,  based  on  the  following  findings: 

o  Total  capital  requirement  of  $51  million 

o  Federal  capital  contribution  of  $36  million  (70%) 

o  Private  capital  contribution  of  $15  million  (30%) 

o  A  negative  return  on  total  investment  for  the  GFC  plant  under 
any  reasonable  level  of  site  savings,  even  with  an  80%  federal 
and  20%  private  capital  contribution 
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The  GEORGETOWN  UNIVERSITY,  WASHINGTON,  D.C.  site  was  found  not  to  be 
economically  feasible  for  a  GFC  plant  application,  based  on  the  following 
findings: 

o  Plant  capital  requirement  of  $63  million  which  includes 

significant  special  construction  costs  due  to  site  constraints 

o  Federal  capital  contribution  of  $44  million  (70%) 

o  Private  capital  contribution  of  $19  million  (30%) 

o  A  low  or  negative  return  on  total  investment  for  the  GFC  plant 
under  any  reasonable  level  of  site  savings 

4.2  General  Conclusions 

The  key  to  achieving  a  suitable  return  on  total  investment  or  on  the 
private  equity  required  for  a  GFC  project  is  the  operating  cash  flow 
available  for  debt  service  and  for  the  plant  owner.  Below,  the 
conclusions  on  the  factors  affecting  operating  cash  flow  are  summarized. 

The  potential  to  lower  the  O&M  costs  below  the  estimated  $2. 0-2. 5  millicn 
range  is  believed  to  be  limited,  since  these  costs  are  based  on  well 
understood  and  historically  confirmed  labor  and  material  requirements. 
Delivered  coal  prices  were  received  from  suppliers  and  are  considered  a 
reliable  basis  for  this  analysis. 

Analysis  of  the  revenues  shows  that  the  electric  power  revenues  dominate 
the  cash  flow,  comprising  80-95%  of  the  total  depending  on  the  site. 
Revenues  from  steam  and  the  sale  of  other  products  (e.g.,  tars/oils  or 
coal  fines)  help,  but  their  total  impact  is  limited.  However,  with  the 
sale  of  steam  there  is  a  leveraged  effect  on  the  Army  base  energy -related 
O&M  costs.  The  ability  of  the  base  to  shut  down  its  on-site  boilers,  if 
enough  steam  is  supplied,  can  result  in  a  significant  reduction  in  labor 
and  related  boiler  and  steam  system  maintenance  and  materials  expenses. 
Therefore,  at  the  margin,  a  configuration  that  provides  more  steam  and 
less  electricity  from  the  GFC  plant  is  better  for  the  site.  (However, 
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depending  on  the  relative  price  for  electricity  versus  steam,  it  may  not 
be  more  advantageous  to  the  economics  of  the  GFC  plant  itself.) 

The  price  paid  by  the  electric  utility  for  power  from  privately-owned 
power  plr.its  will  be  key  to  the  GFC  plant  economics  at  many  Army  bases, 
either  because  the  GFC  plant  must  sell  part  of  its  power  to  the  utility, 
or  the  utility  may  offer  higher  prices  than  the  cost  of  purchased  power 
to  the  Army  base.  The  reason  the  utility's  price  can  be  higher  than  the 
Army  base's  purchased  power  rate  is  that  the  utility  price  is  based  on 
its  marginal  and  most  expensive  cost  of  power,  whereas  the  Army  base 
purchased  power  rate  reflects  an  average  utility  system  cost. 

The  areas  where  utility  purchased  power  costs  (termed  avoided  costs  under 
the  law)  are  likely  to  be  highest  are  electric  utility  service  areas 
where  substantial  new  capacity  will  be  needed  in  the  early  to  mid  '90s. 
After  a  decade  (1980s)  of  likely  limited  additions  of  utility  capacity, 
most  electric  power  demand  forecasters  believe  that  substantial  new 
capacity  will  be  needed  throughout  the  United  States  during  the  1990s. 

In  terms  of  absolute  rates,  a  GFC  plant  application  would  make  economic 
sense  in  utility  areas  where  the  current  purchased  power  or  avoided  cost 
rate  is  at  least  6^/Kwh  with  escalation  expected  to  be  the  same  as 
inflation  over  the  medium  to  long  term.  Alternatively,  if  the  current 
electric  power  rate  is  lower,  but  the  escalation  rate  is  2-3  percent 
above  inflation,  the  GFC  economics  would  still  be  viable. 

Since  forecasted  electric  power  and  fossil  fuel  prices  have  been  so 
uncertain  over  the  past  15  years,  and  significant  long-term  uncertainty 
will  continue,  a  careful  look  at  the  economic  conditions  that  would 
strengthen  or  weaken  the  GFC  plant  economics  is  useful. 

Factors  That  Would  Strengthen  GFC  Plant  Economics.  The  following  trends 
would  strengthen  the  GFC  plant  economics  if  they  occurred: 
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Lower  coal  price  escalation  than  electric  power  price  escalation 
(All  scenarios  analyzed  assumed  the  same  longterm  escalation 
rate,  although  the  absolute  rate  itself  was  varied  from  five  to 
10  percent). 

o  For  Army  bases  that  use  significant  amounts  of  oil  or  gas, 
higher  oil  and  natural  gas  escalation  rates  than  zero  percent 
per  year  in  the  near  term  and  five  percent  per  year  in  the  long 
term. 

o  Special,  long-term  coal  contracts  at  lower  than  open  market 
prices,  guaranteed  by  the  government.  (These  would  be  easy  to 
sell  off  if  the  Army  base  closed,  since  the  price  is  lower  than 
the  open  market.) 

o  Optimization  of  GFC  plant  design  efficiency. 

o  Retention  of  the  synthetic  gas  annual  income  tax  credit  through 
1999  (currently  available  but  not  assumed  in  the  basic  economic 
analysis) . 

Factors  That  Would  Weaken  GFC  Plant  Economics. 

o  Higher  coal  price  excalation  than  electric  power  price 

escalation. 

o  Lower  oil  and  natural  gas  escalation  rate  than  zero  percent  per 

year  in  the  near  term  and  five  percent  per  year  in  the  long  term. 

o  Degradation  in  the  GFC  plant  operating  efficiency  and 

availability. 

o  Inability  to  lower  the  GFC  plant  capital  cost  by  50%  by  the 

early  '90s,  and  by  a  total  of  70%  by  the  mid  '90s.  (Regardless 
of  the  judgement  about  this  factor,  the  GFC  economic  concept  is 
not  necessarily  weakened  for  other  coal-using  technologies). 

o  Elimination  of  the  10%  investment  tax  credit. 
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It  is  believed  that  the  factors  likely  to  strengthen  GFC  plant  economics 
are  more  likely  to  occur  than  those  that  would  weaken  the  economics.  Few 
experts  believe  that  the  long-term  coal  price  escalation  will  be  as  high 
as  electric  power  price  escalation,  and  few  believe  that  the  20-25  year 
time  horizon  for  oil  and  natural  gas  prices  would  see  a  lower  price  than 
the  zero  percent  and  five  percent  escalation  rates  assumed  under  the  base 
scenario  analysis. 

With  further  optimizing,  the  efficiency  of  the  GFC  plant  should  be 
improved,  reducing  coal  costs.  Also,  the  fuel  cell  and  other  equipment 
manufacturers  will  have  invested  tens  of  millions  of  dollars  into  the 
technology  components  of  the  GFC  plant  on  the  basis  of  a  market  requiring 
capital  costs  of  one-third  or  less  than  the  prototype  capital  costs  (same 
year  dollars). 

It  therefore,  seems  reasonable  to  conclude  that  these  factors  in 
combination  will  improve  GFC  plant  economics. 

A. 3  Indirect  Benefits 

Indirect  benefits  which  do  not  affect  Owner/Operator  or  Army  costs  are  as 
follows: 

1.  The  Army  would  be  able  to  concentrate  its  resources  more  on  Army 
activities,  and  less  on  site  utilities  —  i.e.,  apply  the 
personnel  more  to  the  main  mission  of  each  base.  Further,  the 
security  of  energy  supply  would  be  increased  over  the  existing 
electric  and  fuel  power  supply. 

2.  The  nation  would  benefit  from  a  shift  to  coal  from  oil  or 
natural  gas,  improving  national  energy  security  as  well  as 
making  a  positive  contribution  to  the  national  balance  of 
payments.  Further,  there  would  be  technology-related  benefits 
to  the  nation  from  the  development  of  the  gasification  and  fuel 
cell  technology. 
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This  is  a  key  opportunity  for  the  Army  to  commercialize 
effectively  a  more  efficient,  near  term,  coal  fired, 
environmentally  sound  technology.  This  flexible  technology 
produces  electricity,  heat  and  steam  (water)  directly. 

The  coal  industry  would  benefit  from  an  additional  market  for 
its  coal.  It  would  also  benefit  indirectly  through  the 
coal-using  technology  development  supported  by  the  GFC  program. 

The  electric  utilities  involved  would  benefit  in  several  ways. 
First,  an  electric  utility  can  be  a  partial  third  party  owner. 
The  utility  would  also  have  a  reduced  need  for  new  plant 
construction  with  attendant  capital  savings,  and  power 
prurchased  at  a  price  no  higher  than  the  costs  they  avoid.  The 
GFC  plant  would  also  improve  electric  system  reliability  and 
reduce  utility  line  losses,  compared  to  the  development  of  the 
same  capacity  at  one  central  station  location.  This  would  be  of 
particular  benefit  at  those  Army  bases  located  in  relatively 
remote  areas.  Finally,  the  development  of  small  power  plants  on 
a  utility  system  would  help  the  public  image  of  the  utility  in 
each  of  the  localities  where  the  GFC  plant  is  situated  could 
develop. 

As  a  result  of  the  plant  construction  and  operation,  as  well  as 
the  related  coal  activities,  there  would  be  a  number  of  economic 
benefits  for  each  of  the  communities  and  surrounding  areas  for 
each  GFC  plant  location. 

a.  There  would  be  34  direct  employees  of  the  plant. 

b.  The  number  of  additional  jobs  created  by  the  economic 
activity  could  approximately  25-35  jobs,  in  accordance  with 
commonly  accepted  economic  multipliers. 

The  additional  jobs  would  occur  not  only  through  supplier 
activities  (e.g.,  coal  transportation  and  coal  mining),  but 
also  more  indirectly  through  additional  retail  purchases  by 
the  employees  of  the  plant  and  the  plant  entity  itself. 


And,  if  properly  implemented  by  the  private  owner  entity, 
there  could  be  special  training  and  educational  benefits 
provided  by  this  new  technology  energy  plant  to  the  primary 
and  secondary  educational  institutions  in  the  area. 

4.4  Recommendation 

On  the  basis  of  positive  economic  feasibility  results  for  two  of  three 
Army  bases,  and  the  broader  benefits  that  can  accrue  to  GFC  plant 
development,  it  is  recommended  that  the  Department  of  the  Army  proceed  to 
the  next  stage  of  development  for  Scranton  AAP  and  Fort  Greely.  More 
specifically,  it  is  recommended  that  the  Department  of  the  Army  initiate 
funding  for: 

1.  Preliminary  design  and  initial  optimization  studies. 

2.  Refined  economic  analysis  including  comparison  with  alternative 
energy  systems. 

3.  Selective  testing  of  alternative  coals  with  gasifier  technology 
options. 

4.  Initial  ownership  discussions  and  conceptual  negotiations  on  the 
cost-sharing  participation  with  potential  owners. 

5.  Identification  of  total  number  of  Army  bases  that  would  satisfy 
GFC  viability  criteria. 
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A.  Cash  Flow  Analyses 

1.  Georgetown  University  Site  Analysis  without  GFC  Plant 

2.  Georgetown  University  GFC  Plant  Analysis 

3.  Scranton  AAP  Site  Analysis  without  GFC  Plant 

4.  Scranton  AAP  GFC  Plant  Analysis  -  Westinghouse  Fuel  Cell 

5.  Scranton  AAP  GFC  Plant  Analysis  -  UTC  Fuel  Cell 

6.  Fort  Greely  Site  Analysis  without  GFC  Plant 

7.  Fort  Greely  GFC  Plant  Analysis  -  Westinghouse  Fuel  Cell 

8.  Fort  Greely  GFC  Plant  Analysis  -  UTC  Fuel  Cell 

9.  Fort  Hood  Site  Analysis  without  GFC  Plant 
10.  Fort  Hood  GFC  Plant  Analysis 
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Hr  I  y  ( f  f  i  c  1  enc  >  Eq'iaU:  27.  TO  fercent 

tw  17.7'  HJ'.fl’j  Divide)  V»  16,50  Annual  Efficient  Equals:  27.70  Percent 

(Mo*  r nr  I  (Pnal  *innc  iGross  pawer  out) 

?teai  t  ?ars> 


M  A«punl  o<  Electric 
Few#*  ^old 


Ft»i  D'liooo  Lbs/Hrl  'SM  0.20  50.10  50.20  50.20  50.40  50.50  50.60  0.20  50.70  50.81  50.71  51.01  51.11  51.21  51.32  51.42  51.52 


Fuel 

Sit*  SUa»  Stusttil)  2T9.58  240.05  240.53  241.02  241.50  241.98  242.46 

Sit*  8oil*r  EMic  0.74  < Input ^  0.74  0.74  0.74  0.74  0.74  0.74 

Sit?  fuel  FtustBill  323.75  324.40  325.05  325.70  326.35  327.00  327.66 


S<b*  of  *1  -  Mi Ih  6FC 


fConsenat: 


Inept*  Tar  Rate 


